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AAV5 VECTOR FOR TRANSDUCING 
BRAIN CELLS AND LUNG CELLS 

This application claims priority from U.S. Application Serial No. 09/533,427, 
5 filed March 22, 2000 which is hereby incorporated in its entii-ety by this reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention provides adeno-associated virus 5 (AAV5) and vectors 
10 derived therefrom. Thus, the present invention relates to AAV5 vectors for and 

methods of delivering nucleic acids to cells of subjects. More specifically, the present 
invention provides methods of deUvering nucleic acids to cerebellar cells, ependymal 
cells, neurons astrocytes, airway epithelial cells and alveolar cells of subjects. More 
particularly, the invention provides methoiis of delivering nucleic acids to cerebellar 
15 cells, ependymal cells and alveolar cells. 

Background Art 

Adeno associated virus (AAV) is a small nonpathogenic vims of the 
parvoviridae family (for review see 28). AAV is distbict from the other members of 

20 this faniily by its dependence upon a helper virus for rephcation. In the absence of a 
helper vims, AAV has been shown to integrate in a locus specific maimer into the q 
arm of chromosome 19 (21). The approximately 5 kb genome of AAV consists of one 
segment of single stranded DNA of either plus or minus polarity. Physically, the 
parvovirus virion is non-enveloped and its icosohedral capsid is approximately 20-25 

25 lam in diameter. 

To date 8 serologically distinct AAVs have been identified and 6 have been 
isolated from humans or primates and are referred to as AAV types 1-6 (1). The most 
extensively studied of these isolates is AAV type 2 (AAV2), The gixiome of AAV2 is 
30 4680 nucleotides in length and contains two open reading frames (ORFs), the right 
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Rep52, Rep68 and Rep78, which are involved in regulation of replication and . 
transcription in addition to the production of single-stranded progeny genomes (5-8, 11, 
12, 15, 17, 19, 21-23, 25, 34, 37-40). Furthermore, two of the Rep proteins have been 
associated with the preferential integration of AAV genomes into a region of the q arm 
5 of human chromosome 19. Rep68/78 have also been shown to possess NTP binding 
activity as well as DNA and RNA helicase activities. The Rep proteins possess a 
nuclear localization signal as well as several potential phosphorylation sites. Mutation 
of one of these kinase sites resulted in a loss of replication activity.. 

10 The ends of the genome are §hort. inverted terminal repeats which have the 

potential to fold into T-shaped hairpin, structures that^ serve as the origin of viral DNA 
replication. Within the ITR re^on two elements, havevbeen descrijDed which are central 
to the function of thp ITR, a (jAGC repeat motif and the terminal^ resolution site (TRS). 
The repeat naotif has been shown tp bind Rep when &e^ITR is in ejther a linear or 

15 hairpin conformation (7, 8, 26). ^ ,|_f . 

This binding serves to position Rep68/78 for cleavage at the TRS which occurs 
in a site- and strand-specific iiianner. fa ^^a^ to their role in replication, these two 
elements appear to be central to yiral integration. Contained within the chromosome 19 
20 integration locus is a Rep binding site with an adjacent TRS. These elements have been 
shown to be functional and necessary for locus specific integration. 

The AAV2 virion is a non-enveloped, icosohedral particle approximately 20-25 
nm in diameter, The capsid is composed of three related proteins referred to as VP 1,2 

25 and 3 which are encoded by the right ORF. These proteins are foimd in a ratio of 

1:1:10 respectively. The capsid proteins differ from each other by the use of alternative 
splicing and an unusual start codon. Deletion analysis of has shown that removal or 
alteration of AAV2 VPl which is translated from an alternatively spliced message 
results in a reduced yield of infections particles (15, 16, 38). Mutations within the VP3 

30 coding region result in the failure to produce any single-stranded progeny DNA or 
infectious particles (15, 16, 38). 
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The following features of the characterized AAVs have made them attractive 
vectors for gene transfer (16). AAV vectors have been shown in vitro to stably 
integrate into the cellular genome; possess a broad host range; transduce both dividing 
and non dividing cells in vitro and in vivo (13, 20, 30, 32) and maintain high levels of 
5 expression of the transduced genes (41). Viral particles are heat stable, resistant to 
solvents, detergents, changes in pH, temperature, and can be concentrated on CsCl 
gradients (1,2). Integration of AAV provirus is not associated with any long term 
negative effects on cell growth or differentiation (3,42). . The ITRs have been shown to 
be the only cis elements required for replication, packaging and integration (35) and 
10 ' may contain some promoter activities (14). * 

AAV2 was originally thought to infect priinate and non-primate cell types 
provided the appropriate helper vims was present. However, the inability of AAV2 to 
infect certain cell types is now known to be due to the particular cellular tropism 

15 exhibited by the AAV2 virus. Recent work has shown that some cell lines are 
• transduced very poorly by AAV2 (30). 'Binding studies have indicated that heparin 
sulfate proteoglycans are necessary for high efficiency transduction with AAV2. 
AAVS is a unique member of the parvovirus family. The present DNA hybridization 
data indicate a low level of homology with the published AAVl-4 sequences (3 1). The 

20 present invention shows that, unlike AAV2, AAV5 transduction is not effected by 

heparin as AAV2 is and therefore will not be restricted to the same cell types as AAV2. 

The present invention provides a vector comprising the AAV5 virus or a vector 
comprising subparts of the virus, as well as AAVS viral particles. While AAVS is 

25 similar to AAV2, the two viruses are found herein to be physically and genetically 
distinct. These differences endow AAVS with" some unique properties and advantages 
which better suit it as a vector for gene therapy. For example, one of the limiting 
features of using AAV2 as a vector for gene therapy is production of large amounts of 
virus. Using standard production techniques, AAV5 is produced at a 10-50 fold higher 

30 level compared to AAV2. Because of its unique TRS site and rep proteins, AAVS 
should also have a distinct integration locus compared to AAV2. 
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Furthermore, as shown herein, AAV5 capsid protein, again surprisingly, is 
distinct from AAV2 capsid protein and exhibits different tissue tropism, thus making 
AAV5 capsid-containing particles suitable for transducing cell types for which AAV2 
is unsuited or less well-suited, AAV2 and AAV5 have been shown to be serologically 
5 distinct and thus, in a gene therapy application, AAV5, and AAV5-derived vectors, 
would allow for transduction of a patient who already possess neutralizing antibodies to 
AAV2 either as .a result of natural immunological defense or from prior exposure to 
AAY2,vectQrs. Another adyantage-of ^AVS is thati^ 

serotype?, , Only AAVS can .re;scue ^he integrated AAV5 genome and effect replication, 
10 thus avoiding unintended replication of AAVS caused by other AAV serotypes. Thus, 
the present invention, by providing these new recombinant vectors and particles based 
on AAV5 provides a new and highly useful, series of vectors. 

, . . SpVflVIAJtY^^^ 

The present invention ^provides methods of delivering a nucleic^acid to specific 
regions, tissues and cell types-of the ce^nttal nervous systena (CNS) suph as ependymal 
cells, cerebellar cells, ncjurons, and .astrocytes. In paiticular, .the nucleiq acids are 
delivered to sp.ecific.regions.and cells.of the brain, ;particulary, ependymal cells and 
20 cerebellar cells. . .. .-: , . , . : . - - 

The present invention also provides methods of delivering a nucleic acid to lung 
cells such as alveolar cells. , . 

25 . . The present invention provides a nucleic acid vector coinprising ^ pair of adeno- 
associated virus 5 (A AV5) inverted terminal repeats and a promoter between the 
. inverted terminal repeats. , . > . 

The present invention further provides an AAV5 particle containing a vector 
30 comprising a pair of AAy2, AAV4 or AAVS inverted terminal repeats. . , 
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Additionally, the instant invention provides an isolated nucleic acid comprising 
the nucleotide sequence set forth in SEQ ID N0:1 (AAV5 genome). Furthermore, the 
present invention provides an isolated nucleic acid consisting essentially of the 
nucleotide sequence set forth in SEQ ID N0:1 (AAV5 genome). 

5 

The present invention provides an isolated nucleic acid encoding an AAV5 Rep 
protein, for example, the nucleic acid as set forth in SEQ ID NO: 10. Additionally 
provided is an isolated fuU-lengtii AAV5 Rep protein or a unique fragment thereof. 
Additionally provided is an isolated AAV5 Rep 40 protein having the amino acid 

10 sequence set forth in SEQ ID NO: 12, or a unique fragment thereof. Additionally 

provided is an isolated AAV5 Rep 52 protein having the amino acid sequence set forth 
in SEQ ID N0:2, or a unique fragment thereof. Additionally provided is an isolated 
AAV5 Rep 68 protein, having the amino acid sequence set forth in SEQ ID NO: 14 or a 
• unique fragment thereof. AdditionaRy provided is an isolated AAV5 Rep 78 protein 

1 5 having the amino acid sequence set forth in SEQ ID NO:3, or a unique fragment 

thereof. The sequences for these proteins are provided below in the Sequence Listing 
and elsewhere in the application where the proteins are described. 

The present invention further provides* an isolated AAV5 capsid protein, VPl, 
20 having the amino acid sequence set forth lii SEQ ID NO:4, or a unique fragment - 
thereof. Additionally provided is an isolated AAV5 capsid protein, VP2, having the 
amino acid sequence set forth in SEQ ID NO: 5, or a unique fragment thereof. Also 
provided is an isolated AAV5 capsid protein; VP3, having the amino acid sequence set 
forth in SEQ ID N0:6, or a unique fragment thereof . 

The present invention additionally provides an isolated nucleic acid encoding 
AAV5 capsid protein, for example, the nucleic acid set forth in SEQ ID N0:7, or a 
unique fragment thereof . 
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The present invention provides an isolated nucleic acid encoding an AAV5 
inverted terminal repeat, for example, the nucleic acid set forth in SEQ ID NO: 19 or 
SEQ ID NO : 20, or a unique fragment thereof. 

5 The present invention further provides an AAV5 particle comprising a capsid 

protein consisting essentially of the amino acid sequence set forth in SEQ ID N0:4, or a 
unique fragment thereof,,; : 

Additionally p^ovided fey the present invention is an isolated nucleic acid 
10 comprising an AAy5 pS.prpmoter having the nucleic acid sequence set forth in SEQ ID 
NO: 18, or a unique fragment thereof. ' 

The instant invention provides .a method of screening a cell for inf ectivity by 
AAV5 comprising cont;acting the.cell wifli AAV5 and detecting the presence of AAV5 
15 . in the. cells.. ,^ ;- • T:] { v; ^ i:r •! r^--- , . n-;.- '/ ^,■ 

The present invention &rther provides a mettiqd of delivering a nucleic acid to a 
cell comprising administering to the cell an AAV5 particle containing a vector 
comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats, 
20 thereby delivering the nucleic acid to the cell 

. . The present invention also provides a method of delivering a nucleic acid to a 
subject comprising administering to a cell from the subject an AAV5 particle 
comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats, 
25 and returning the cell to the subject, thereby delivering the nucleic acid to the subject, 

r The presentinvention also provides a method of delivering a nucleic acid to a 
cell in a subject comprising administering to the subject an AAV5 particle comprising 
the nucleic acid inserted between a pair of AAV inverted terminal repeats, thereby 
30 delivering the nucleic acid to a cell in the subject. 
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The instant invention further provides a method of delivering a nucleic acid to a 
cell in a subject having antibodies to AAY2 comprising administering to the subject an 
AAV5 particle comprising the nucleic acid, thereby delivering the nucleic acid to a cell 
in the subject. 

5 

BIIIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows Heparin inhibition results. Cos cells were plated in 12 well 
dishes at 5X10^ cells per well. Serial dilutions of AAV2 or AAV5 produced and 
10 purified as previously described and supplemented with 5X10^ particles of wt 

adenovirus were incubated for 1 hr at Rt in the presence of 20 )ig/ml heparin (sigma). 
Following this incubation the virus was added to the cells in 400 ^1 of media for 1 hr 
after which the inedia was removed, the cells rinsed and fresh media added. After 24 
hrs the plates were stained for Bgal activity. - 

" ' "Figure 2 shows AAV2 and AAV5' vector and helper complementation. 
Recombinant AAV particles were produced as previously described using a variety of 
vector and helper plasmids as indicated the bottom of the graph. The vector plasmids 
contained the Bgal gene with aiid RS V promoter and flanked by either AAV2 ITRs 

20 (2ITR) or AAV5 ITRs (SITR).' The helper plasmids tested contained either AAV2 Rep 
and cap genes (2repcap) AAV5 rep and cap genes Vith or without an SV40 promoter 
' (Srepcap A and Srepcapb respectively) only^ the AAV2 rep gene (2rep) in varying 
amounts (1) or (.5) or an empty vector (pUC). The resulting AAV particles were then 
titered on cos cells. AAV particles were only produced when thb same serotype of ITR 

25 and Rep were present, 

■ ' Figuris 3 shows AAV2 and AAV5 tissue tropism. Transduction of a variety of 

cell types indicated that AAV2 and AAV5 transduce cells with different efficiencies. 
Equal number of either AAV2 or AAV5 particles were used to transduce a variety of 
30 cell types and the number of bgal positive cells is reported. 
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Figure 4 is a sequence comparison of the AAV2 genome and the AAV5 - 
genome. 

Figure 5 is a sequence comparison of the AAV2 VPl capsid protein and the 
5 AAV5 VPl capsid protein. 

Figure 6 is a sequence comparison of the AAV2 rep 78 protein and the AAV5 
rep 78 protein. 

10 Figure ,7 shows the transduction, of airway epithelial cells by AAV5. Primary 

airway epithelial cells were cultured and plated. Cells \yere transducted with an 
equivalent number lof rAAy2.or rAAy 5 particles containing a nuclear localized P-gal 
. transgene with, 50 particles of virus/cell.(MOI 50) and continued in culture for 10 days. 
P-gal activity was determined and the relative transduction efficieiicy compared. 

15 AAV5 transduced these cells 50- fold more efficiently than AAV2. This is the first 
time apieal.cells or cells exppsed-tp the air Jiave been. shown to be infected by.a gene 
therapy agent. ' ' > ^ ■ 

. . . Figure 8 shows .transduction of striated muscle by AAVS: Chicken myoblasts 
20 were cultured and plated. Cells vvere^ dlowed.tp fuse and then ti:ansduced with a similar 
. number of particles o^ rAAy2 or i;AAy 5 , containing a nuclear localized p-gal transgene 
, . after 5 days in culture. .The pplls were stained for P-gal activity and the relative 
transduction efficiency compared. , AAy 5 transduced these cells approximately 16 fold 
more efficienfly than AAV2.. . , . ■ 

25 . 

Figure 9 shows transduction of rat brain explants by AAV5. Primary neonatal 
rat brain explants were prepared. After 7 days in culture, cells were transduced with a 
similar number of particles of rAAV5 containing a nuclear localized p-gal transgene. 
, After 5 days in culture, the cells were stained for P-gal activity. Transduction was 
30 detected in a variety of cell typ.es including astrocytes, neuronal cells and glial cells. 
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Figure 10 shows transduction of human umbilical vein endothelial cells by 
AAV5. Human umbilical vein endothelial cells were cultured and plated. Cells were 
transduced with rAAV2 or rAAV5 containing a nuclear localized P-gal transgene with 
10 particles of virus/ cell (MOI 5) in minimal media then returned to complete media. 
5 After 24 hrs in culture, the cells were stained for p-gal activity and the relative 

transduction efficiency compared. As shown in AAV5 transduced these cell 5-10 fold 
more efficiently than AAV2. 

Figure 1 1 shows the number of 6-galactosidase positive cells after cerebral * 
10 injection. Animals were injek^ted with rAAV26gal,rAAV46gal, or rAAVSBgal 

ventricle or striatum of mice, and brains taken at the times indicated. Blocks (2.6 nmi, 
surrounding the injection site) were sectioned, processed for B-galactosidase 
histochemistry, and transgene positive cells Counted. Data represent mean ± SEM. *, p 
' < 0.05, **p< 0.005 ^ ' ■ " i ' ' 

15 

' ' " ' ■ Figure 12 shows The distribution ot B-galactosida^e positive cells in brains of 
mice at 3 or 15 weeks following injectioii of rAAV26gal, rAAV4Bgal or rAAVSBgal. 
6-galact6sidase positive cells within the ependymal, striatal, or- 'other' (septal and fornix 
regions, corpus callosutn, and neocortex) regions, from* sections encompassing the 
' 20 injection site, were counted and that value represented as a percent of the total number 
of transgene positive cells. (A) Data from sections obtained 3 or 15 weeks'after 
intraventricular injection. (B) Data ffbm sections obtained 3 or 15 weeks after injection 
into the striatum. Data represent mean ± SEM." - - '* 

25 ^ Figure 13 shows the B-galactosidase histochemistry for transgene positive cells 
after striatal injection of rAAV vectors. (A,B) Representative photomicrograph of 
sections from mice injected with rAAV26gal. Panel B is a magnified photograph of the 
transgene positive striatal region seen in A. {Q Demonstration of distinctive 
ependymal-specific staining for B-galactosidase in sections from animals injected with 

30 rAAV4Bgal. (D-F). Photomicrographs illustrating the extensive distribution of 

transgene positive cells after rAAV5Bgal injection. (E) Magnification of the striatal 
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region in D. (F) Transgene positive cells in the cortex distant JErom the injection ^ite. 
The photomicrographs are representative of at least three independent experiments, fi, 
fimbria region; Iv, lateral ventricle; sp, medial septal region; st, striatum. 

5 Figure 14 shows the identification of transduced cells after intrastriatal injection 

. of rAAVSBgal. Fifteen weeks after injection of rAAV5Bgal coronal brain sections were 
dual stained for fi-galactosidase (green nuclei) and.NeuN (neuronal specific, red nuclei 
and light red cytoplasm), or for 6-galactosidase and GFAP (astrocyte-specific, red cell 
processes). Confocal niicroscopy, image analysis was performed and representative 
10 two-color merged images of single ?-series slices arc shown. In the striatum, both 
transduced neurons (yellow cell nuclei in A) and transduced astrocytes (B) were 
detectQd. In the medial septal region transduction appeared to be restricted to neurons 
XQj while in the corpus callo^um the transduced cells were GFAP positive astrocytes 
(D). Images were captured using a 40X {A,B,D) or 63X (Q oil inamersion objective. 

15 

Figure 15 shows gene^ transfer to the apical surface of well-differentiated human 
airway epithelia by different recombinant AAV serotypes. (A,D) Enface images of 4, 
. human airway epithelia (AXand epithelia transduced with 500 particles per cell of 
.AAY2/6Qal.(B), AAy4/6Gal (C).and AAy5/BGal (I)), llie blue, staining show cells 
20, that have been transduced witii, vector. ^ Fig 15E shows the quantitative. 6-gal actiyity of 
airway epithelia infected the different recombinant AAV serotypes. (AAy2/fiGal, 
. . AAV4/BGal, ^and AAy5/3Gal), ^ Data are the mean B-jgal actiyity per mg protein ± SEM 
(n = 4-12). Asterisk indicates p< 0.01. 

25 ^ . _ .Figure .16 shows the binding of AAV2/BGal, AAV4/BGal, and AAV5/BGal to 
, organotypic ciiltures of ciUated hmnan airway epithelia. A. Pigxire shows the dot blot 
. _ of , virus bound tp,the epithelia of 3 experiments with seven epithelia per experiment 
(input virus 500 particles/cell). For the purpose of ^luantitation, a dilution series of 
^ rAAV plasmid was also blotted and probed to demonstrate the linearity of the detection 
30 system.. B. Figure shows the results of the quantification of the dot blot data. The data 
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are means ± SEM of the percentage of total virus added that remained epithelia- . 
associated after a 30 min incubation. Asterisk indicates p < 0.05. 

Figure 17 shows the effect of dose on AAV2/6Gal and AAV5/fiGal-mediated 
5 gene transfer to human airway epithelia. Human airway epithelia were exposed to 
increasing number of particles per cell of AAV2/BGal and AAV5/BGal from the apical 
surface. The epithelia were then rinsed after 60 min and incubated for 2 weeks prior to 
analysis of B-galactosidase activity. Data are the fi-gal activity per mg protein ± SEM 
(n = 4> . : - 

10 

Figure 18 shows the effect of incubation time on AAV5/BGal-mediated gene 
transfer to human airway epithelia. Human airway- epithelia were exposed to 500 
particles per cell ofAAV5/BGal from the apical surface. The epithelia were then rinsed 
after 30, 60 min or 90, 360 and 720 min arid mcubated for 2 weeks prior to analysis of 
15 B-galactosidase activity. Data are the B-gal activity per mg protein ± SEM (n'= 4)* 
Asterisk indicates p< 0.01. * ' ^^ r 

Figure 19A,B shows the effect of soluble heparin on AAV gene transfer to 
human airway epithelia. To compete off AAV binding and gene transfer, in some 
, 20: conditions the viruses vvere pretreatM with 20 Jig/ml of soluble hejparin for 30 nu Fig 
19A shows the effect of heparin on AAV gene transfer to human airway epithelia from 
the apical side and Fig 5B from the basolateral side. -Five hundred particles per cell of 
either AAV2/BGal or AAV5 /BGal were added for 30 min at 4°C. B-galactosidase was 
measured 14 days later. Data are mean ± SEM^ n=8 in each group. Asterisk in Fig 19B 
25 indicates p := 0.018.: - : . \ ^ r ^ 

Figure 20 shows the AAV5/BGal-mediated gene transfer to murine conducting 
airway epithelia, and alveolar epithelia in vivo. Mice were exposed to Ix 10^° particles 
of either AAV2/6Gal or AAV5/BGal via nasal instillation. After 30 days the mice were 
30 sacrificed, the lungs were fixed and stained with X-Gal. Fig. 20 A,B shows 

representative photomicrographs showing ciliated and non-ciliated cells transduced by 



wo 01/70276 



12 



PCT/USOl/09123 



AAV2/BGal (A) and AAV5/BGal (B). Figure 20 C shows quantitation of gene transfer 
by number of blue nuclei of Bgal-expres'sing bronchial and alveolar cells per 
microscopic field, n = 5 mice per group. Asterisk indicates p<0.01. 

5 Figure 21 shows a sagittal section of a mouse cerebellum injected with AAV5 

expressing nuclear targeted P-galactpsidase driven off an RS V promoter. At 7 weeks 
postinjection, the animal was deeply anesthetized and s transcardially perfused with 4% 
paraformaldehyde. , Cerebellum was sectipned at 50 nmi thickness and sections were 
processed for X-gal histochemistry. AAV5 transduced large numbers of Purkinje cells, 
10 stellate and basket neurons and a smaller number of Golgi neurons. 

, - Figure 22 -double labelimmunofluprejscen^ showed that within the cerebellar 
cortex AAY5 transduced, neurpns but not glia. ^This section i^ from the same animal as 
A and processed with, antibodies against glial fibrillary aqid ip^otein (GFAP) which is 
15. red and P-galactpsidas€^.)yMch fluoT^ AirpwppiatSrtpia typical 

galactosidase positive cell. Confocal microscopy shows th^t there is. no:Colocalization 
between GFAP and AAV5 p-galactosidase. Thus all cells which are transduced are 
nonglial (neurons).- -\ 

20 . ■ Figure 23. shows a third cerebellar section from the sameianimal as Fig. 21 and 
I^ig. 22,which was:processed for double labeling 

against calbiiidin- (red) md p-galaetqsidase (green), Calbindin is Expressed in Purkinje 
. cells but not other cerebellar nejurons. Confocal microscopy ishowed strong 
Qolocalization between calbindin and the AAV5 expressed P-galactosidase in the 
25 Purkine cell monolayer (arrow). However there were many . P-galactosidase positive 
neurons in molecular layer and granule cell layer (example arrowhead) that did not 
. express calbindin, confirming that several classes of neurons had been transduced. 

DETAILED DESCRIPTION OF THE BNTWENXro^ 

30 ... . ■ ;; . : , . - . - • . : 

f . As used in the specification and in the claims, "a" can mean one or more, 
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depending upon the context in which it is used. The terms "having" and "comprising" 
are used interchangeably herein, and signify open ended nieaning. 

The present application provides a recombinant adeno-associated virus 5 
5 (AAV5). This virus has one or more of the characteristics described below. The 

compositions of the present invention do not include wild-type AAV5. The methods of 
the present invention can use either wild-type AAV5 or recombinant AAV5-based 
delivery. . . - . . , 

10 The present invention provides novel AAV5 particles, recombinant AAV5 

vectors, recombinant AAV5 virions and novel AAV5 nucleic acids and polypeptides. 

An AAV5 particle is a viral particle comprising an AAV5 capsid protein. A 
recombinant AAV5 vector is a nucleic acid construct that comprises at least one unique 
' nucleic acid of AAV5. A recombinant AAV5 virion is a particle containing a 
15' : recombinant AAV5 vector, wherintlie particle can be either an AA^^ 

• -described herein or a non-AAV5 particle. Alternatively; the recombinant AAV5 virion 
is an AAV5 particle containing a recombinant vector, wherein the vector can be either 
an AAV5 vector as described herein or a non-AAV5 vector. These vectors, particles, 
virions, nucleic acids and polypeptides are described below. 

• \^ * The present invention provides the nucleotide sequence of the AAV5 genome 
and vectors-ahd paiticles derived therefrom. Specifically, the present invention 
- provides a nucleic acid vector comprising a pair of AAV5 inverted terminal repeats 
■ (TTRs) and a promoter between the inverted terininal repeats. While the rep proteins of 
25 AAV2 and AAV5 will bind to either a type 2 TTR of a type 5 ITR, efficient genome 
replication only occurs when type 2 Rep replicates a type 2 ITR and a type 5 Rep 
replicates k type 5 ETR. This specificity is the result of a difference in DNA cleavage 
specificity of the two Reps which is necessary for replication. AAV5 Rep cleaves at 
CGGTAGTGA (SEQ ID NO: 21) and AAV2 Rep cleaves at CGGT^TGAG (SEQ ID 
30 NO: 22) (Chiorini et al., 1999. J. Virol. 73 (5) 4293-4298). Mapping of the AAV5 ITR 
terminal resolution site (TRS) identified this distinct cleavage site, CGGT^GTGA, 
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which is absent from the TTRs of other AAV serotypes. Therefore, the minimum . 
sequence necessary to distinguish AAV5 from AAV2 is the TRS site where Rep 
cleaves in order to replicate the virus. Examples of the type 5 ITRs are shown in SEQ 
H) NO: 19 and SEQ ID NO: 20, AAV5 TTR "flip" and AAV5 "flop", respectively. 
5 Minor modifications in an TTR of either orientation are contemplated and are those that 
, will not interfere with the haiipin structure fonned by the AAVS TTR as described 
herein. Furthermore, to be considered within.the term^ "AAV5 ITR" the nucleotide 
sequence must retain one or more features described herein that distinguish the AAV5 
ITR from the ITRs of other serotypes, e.g. it must retain the Rep binding site described 
10 herein. . . ^ . 

The D- region of the AAV^ ITR. (SEQ ID NO : 23), a single stranded region of 
the riR, inboard; of the 1;RS :site, has been- shown to bind a factor which depending on 
15 . its phosphorylation, state <X)n-elates:with. the<:o^ of the AAV from a;single 

stranded genome to a transcjriptioiially^aqtiye form that allows for expression of the 
. viral DNA. This region is 9onseryedb.etween,AAV2, 3, 4,and 6 but is divergent in 
AAV5. The D+ region is the jeverse complement of the " 

20 The promoter can be any desired promoter, selected by known considerations, 

. suchas the leyelof expression of a, 

the cell type in which the vector is to be used.. That is, the promoter can be tissue/cell- 
^ . specific. Promoters can be prokaryotic, eukaryotic, fungal, nuclear, mitochondrial, 

viral or plant promoters, Promoters can be exogenous or endogenous to theicell type 
25 . being transduced by the vector. Promoters can include;, for example, bacterial 

promoters, known,strong prompters. sucb as Sy40 or the inducible metallothionein 
. promoter, or an AAV promoter, such as an AAV p5 pronioter. Additionally, chimeric 

regulatory promoters for targeted gene expression can be utilized; . Examples of tiiese 

regulatory systems, which are known in the art, . include.the tetracycline based 
30 regulatory system which,utilizes the tet transactivator protein (tTA)„a chimeric protein 

containing the VP16 activation domain fused to the tet repressor of Escherichia coli, 
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the IPTG based regulatory system, the CID based regulatory system, and the Ecdysone 
based regulatory system (44). Other promoters include promoters derived from actin 
genes, immunoglobulin genes, cytomegalovirus (CMV), adenovirus, bovine papilloma 
virus, adenoviral promoters, such as the adenoviral major late promoter, an inducible 
5 heat shock promoter, respiratory syncytial virus, Rous sarcomas virus (RSV), etc., 
specifically, the promoter can be AAV2 p5 promoter or AAV5 p5 promoter. More 
specifically, the AAV5 p5 promoter can be about same location in SEQ ID NO: 1 as 
the AAV2 p5 promoter, in the corresponding AAV2 published sequence. An example 
of an AAV5 p5 promoter is nucleotides 220-338 of SEQ ID NO: 1 . Additionally, the 

10 p5 promoter may be enhanced by nucleotides 1-130 of SEQ ID N0:1. Furthermore, 
smaller fragments of p5 promoter that retain promoter activity can readily be 
determined by standard procedures including, for example, constructing a series of 
deletions in the p5 promoter, linking the deletion to a reporter gene, and determining 
whether the reporter gene is expressed,- i. e. , traiiscribed and'or translated. The promoter 

15 can be the promoter of any of the AAV iserotypes, and can be the pl9 promoter (SEQ 
ID NO: 16) or the p40 promoter set forth in the seqiience listing as SEQ ID NO: 17. 

It should be rebognized that any errors in any of the nucleotide sequences 
disclosed herein can be corrected, for exampie^ by using the hybridization procedure 
20 described below with various probes derived from the described sequences such that 
the coding sequence can be reisolated and resequenced. Rapid screening for point 
mutations can also be achieved with the use of polymerase chain reaction-single strand 
conformation polymorphism (PCR-SSGP) (43). The corresponding amino acid 
sequence can then be corrected accordingly, - ■ 

The AAV5-derived vector of the invention can further comprise a heterologous 
nucleic acid functionally linked to tlie promoter. By "heterologous nucleic acid" is 
meant that any heterologous or exogenous nucleic acid, i.e. not normally found in wild- 
type AAV5 can be inserted into the vector for transfer into a cell, tissue or organism. 
30 By "functionally linked" is meant that the promoter can promote expression of the 
heterologous nucleic acid, as is known in the art, and can include the appropriate 



wo 01/70276 



PCT/USOl/09123 



16 

orientation of the pronoioter relative to the heterologous nucleic acid. Furthermore, the 
heterologous nucleic acid preferably has all appropriate sequences for expression of the 
nucleic acid. The nucleic acid can include, for example, expression control sequences, 
such as an enhancer, and necessary information processing sites, such as ribosome 
5 binding sites, RNA splice sites, polyadenylation sites, and transcriptional tenninator 
sequences. 

The. heterologous nucle|C: acid ^can encode; beneficial proteins or polypeptides 
that repjiacesniissing-ordefec cellor-subject into which the 

10 . vector is^transfenrpd or cancenqode a cytoto^^ can, be directed, e.g., to 

cancer cells or other^cells whose death, \yould be beneficial* to ^the subject. The 
heterologous nucleicacid can .alsp encode antisense^RNAs that can bind to, and thereby 
inactivate, mRNAs made by the subject .that encode harmful .proteins. The ^ 
rhetprologous nucleio acid can alsp encq^^^ . 

15 jSequencer^pecific ixihibftip InoneK^ 
embodiment,, antisense ppj^ucleotides can be produced .from, a het^ologous. 
expression cassette in an AAV5 vector construct where the expression cassette contains 
a sequence that promotes cell-typf specific expression (Wirak et at, EMBO 10:289 
(1991)). For general; methods relating to^antisense pdynucleotides, see Atitisense RNA 

20 , and DNA, D. A. Melton, Ed., Cold Sprpg Harbor Laboratory, Cold Spring Harbor, NY 

; ^^(1988).*^. jp -^i v;:; rr .-^'m*-^*?; * / 

, • Examples of heterologous nucleirc acids, which can be administered to a cell or 
subject as part of the present AAV5 vector can include, Jbut are not limited to the 

25 following: nucleic acids encoding secretory and nonsecretory proteins, nucleic acids 
encoding therapeutic agents,- such as tumor necrpsis factors (TNF), such as TNF-a; 
interferons, such as interferon-a, interferon-P, and interferon-y; interleukins, such as 
E--1, Ib-ip, and -2 through -14; GM-CSF; adenosine deaminase; cellular growth 
factors, such as lymphokines; soluble CD4; Factor VIII; Factor IX;-T-cell receptors; 

30 LDL receptor; ApoE; ApoC; alpha-1 antitrypsin; ornithine transcarbamylase (OTC); 
cystic fibrosis transmembrane receptor (CFTR); insulin; anti-apoptotic gene products; 
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proteins promoting neuronal survival, such as growth factors and glutamate receptors; 
Fc receptors for antigen binding domains of antibodies, such as immunoglobulins; anti- 
HIV decoy tar elements; and antisense sequences which inhibit viral replication, such 
as antisense sequences which inhibit replication of hepatitis B or hepatitis non-A, non- 
5 B virus. The nucleic acid is chosen considering several factors, including the cell to be 
transfected. Where the target ceU is a blood cell, for example, particularly useful 
nucleic acids to use are those which allow the blood cells to exert a therapeutic effect, 
such as a gene encoding a clotting factor for use in treatinent of hemophilia. Another 
target cell is the lung airway cell, which can be used to administer nucleic acids, such 

10 as those codiiig for the cystic fibrosis ti:ansmembrane receptor, which could provide a 
gene tiierapeutic tireatinent for cystic fibrosis. Other target cells include muscle cells 
where useful nucleic acids, such as those encoding cytokines and growth factors, can be 
transduced and the protein tiie nucleic acid encodes can be expressed and secreted to 
exert its effects on otiierceUs, tissues and organs; such as the liver. Furthennore, die 

15 ' nucleic acid can encode ihore than one gene product, limited' oiily, if the nucleic acid is 
.' to be packaged in a capsid, by tiie size of nucleic acid that can be packaged. ' 

. Furthermore, suitable nucleic acids can include those that, when transferred into 
a primary cell, such as a blood cell, cause the transferred cell to target a site in the body 

20 where that cell's presence wotald be beneficial: For example, blood cells such as TIL 
cells can be modified, such as by transfer into tiie cell of a Fab portion of a monoclonal 
antibody, to recognize a selected antigen. Another example would be to intiroduce a 
nucleic acid ttiat would target a tiierapeutic blood cell to tumor cells. Nucleic acids 
useful in to:eating;cancer cells include those encoding chemotactic factors which cause 

25 an inflammatory response at a specific site, thereby haiving a therapeutic effect. " 

Cells, particularly blood cells', muscle cells, airway epithelial cells, brain cells 
and endotiielial cells having siich nucleic acids tiransferred into tiiem can be useful in a 
variety of diseases, syndromes and conditions. For example, suitable nucleic acids 
30 include nucleic acids encoding soluble CD4, used in tiie treatinent of AIDS and a- 
antitiTpsih, used in tiie tireatinent of -^inphysema caiised by a^antitrypsin deficiency. 
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Other diseases, syndromes and conditions in which such cells can be useful include, for 
example, adenosine deaminase deficiency, sickle cell deficiency, brain disorders such 
as Alzheimer's disease, Huntington's disease, lysosomal storage diseases, Gaucher's 
disease, Hurler's disease, Krabbe's disease, motor neuron diseases such as 
, 5 amylotrophic lateral sclerosis and dominant spinal cerebellar ataxias (examples include 
SCAl, SGA2, and SCA3), thalassemia, hemophilia, diabetes, phenylketonuria, growth 
. disorders and heart diseases, such as those caused-by alterations in cholesterol 
metabolism, and defects of the inmunftsystepi.; - ' ' ' 

10 ^ As another example, hepatocytesrcan ibet^ 

. having useful nucleic acids to tr^at liyer disease. For example, a nucleic -acid encoding 
OTC can be used to transfecthepatocytes (ex vivo and returned to the liver or in vivo) to 
. treat congeiutalhyperanmaoneipia; caused b^ Another 
. , exampleis to use a nucleic acid enqodinglDL to target hepatocytes ex vivo or in vivo 
15 to treat inherited LDL receptor deficiency. Such transfected hepatocytes can also^be 
used to treat acquired infectious diseases,- such as diseases resulting jfrom a viralr, 
infection. For example, transduced hepatocyte precursors can be used to treat viral 
- hepatitis, such as hepatitis B and npn-A, non-B hepatitis, for example by transducing 
. the hepatocyte precursor .with a nupleic: acid encodin 
20 „ viral repHcation. Anotherexample includes transferring a vector of the present 
invention having a nucleic acid encoding a protein, such as a-interferon, -which can 
. . confer resistance to the hepatitis virus.'^ ^ , . - , ' . . ^ f / ; ■ 

. , : . . For a procedure using transfected hepatocytes or hepatocyte precursors, 
25 jhepatocyte precursors having, a vector of the present invention transferred^in can be 

grown in tissue culture, removed from the tissue culture vessel, and introduced to the 
. . body, such as by a surgical method. In this example, the-tissue would be placed directiy 

into the liver, or into the body cavity in proximity to the liver, as in a transplant or graft. 

...Alternatively, the cells can simply be directly injected into the liver, into the portal 
30 ckculatory system, or into the spleen, from which the cells can be transported to the 

liyer via the circulatory system; Furthermore, the cells can be attached to a support. 
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such as micTocairier beads, which can then be introduced, such as by injection, into the 
peritoneal cavity. Once the cells are in the liver, by whatever means, the cells can then 
express the nucleic acid and/or differentiate into mature hepatocytes which can express 
the nucleic acid. 

5 

The AAV5-derived vector can include any normally occurring AAV5 sequences 
in addition to an ITR and promoter. Examples of vector constructs are provided below. 

The present vector or AAV5 paiticle or recombinant AAV5 virion can utilize 
10 any unique fragment of the present AAV5 nucleic acids, including the AAV5 nucleic 
acids set forth in SEQ ID NOS: 1 and 7-llv 13, 15, 16, 17, and 18. To be unique, the 
fragment must be of sufficient size to distinguish it from other known sequences, most 
readily detennined by comparing any nucleic acid fragment to the nucleotide sequences 
of nucleic acids in computer databases, such as GenBank. Such comparative searches 
15 . are standard in thcart.. Typically, a unique fragment useful as a primer or probe will be 
; ; at least about 8 or 10, preferable at least 20 or 25 nucleotides in length, depending upon 
the specific nucleotide content of the sequence. Additionally, fragments can be, for 
example, at least about 30, 40, 50, 75, 100^ 200 or 500 nucleotides in length and can 
encode polypeptides or be probes. Tne hiicleic acid can be single or double stranded, 
20 depending upon the purpose for which it is intended. Where desired, the nucleic acid 
canbeRNA.. - . - •. ^ ... .. ■ 

-The present invention further provides ah isolated AAV5 capsid protein to 
contain tlie vector. In particular, the present invention provides not only a polypeptide 

25 comprising all three AAV5 coat proteins, i.e., VPl, VP2 and VP3, but also a ' 
polypeptide comprising each AAV5 coat protein individually, SEQ ID NOS: 4, 5, and 
6, respectively. Thus an AAV5 particle comprising an AAV5 capsid protein comprises 
at least one AAV5 coat protein VPl, AT2 or VP3. An AAV5 particle comprising an 
AAV5 capsid protein can be utilized to deliver a nucleic acid vector to a cell, tissue or 

30 subject. For example, the herein described AAV5 vectors can be encapsidated in an 
AAV5 capsid-derived particle and utilized in a gene delivery method. Furthermore, 
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Other viral nucleic acids can be encapsidated in the AAV5 particle and utilized in such 
delivery methods. For example, an AAVl, 2,3 Aor 6 vector (e.g. AAVl,2,3,4,or 6 ITR 
and nucleic acid of interest )can be encapsidated in an AAV5 particle and administered. 
Furthermore, an AAV5 chimeric capsid incorporating both AAV2 capsid and AAV5 
5 capsid sequences can be generated, by standard cloning methods, selecting regions from 
the known sequences of each protein as desired. For example, particularly antigenic 
regions of the AAV2 capsid protein can be replaced with the corresponding region of 
the AAV5 capsid protein. In addition to chimeric capsids incorporating AAV2 capsid 
sequences, chimeric, capsids incorporating AAVl, 3^ 4, or e .and AAV5 capsid 
10 sequences gan be ge^ier^ted, by standard cloning me;thQds,:selecting regions from the 
. known sequences of each protein as desired. 

The capsids can also be modifieditp. alter their specific tropism by genetically 
^ altering th^ capsid to. encode a spe^^ Altematively, 
15 • ^the capsid caix phemiqally.niodified;by conjugating a ligand to aLcell surface : 

receptor. . By genetic^y. ,qi; ch^niicaUy^dtering thecapsidi^, the-tropism^^^^^^^ be modified 
to direct AAV 5 to a partiipular pell or. population of cells. : The capsids can also be i-^c 
altered inmiunologically by conjugating the capsid to an antibody that recognizes a 
specifipprotein.on the target cell or popu^ 

20 . . . ;> . . ^ _ . ; . 

The capsids can also be assembled into empty particles by expression in 
mammalian, bacterial, fungal or insect cells. For example, AAV2 particles are known 
to be made from YK.and VPZ capsid proteins in baculovirus; :jThe same basic protocol 
^, can produce an empty AAV5 particle comprising an AAVS. capsid.protein. : 
25 . _ , < ,;v.. . ./w/ . : ^ 

.The herein. described reeonabinatit^AAVS nucleic acid derived ^^^^ 
encapsidated in an AAV particle. In particular, it can be encapsidated in an AAVl 
particle, an AAV2 particle, an AAV3 particle, an AAV4 particle, an AAV5 particle or 
an AAy6 particle, a portion.of any of these capsids, or a chimeric capsid particle as 
30 described above, by standard methods using the appropriate capsid proteins in the 
encapsidation process, as long as the nucleic acid vector fits within the size limitation 
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of the particle utilized. The encapsidation process itself is standard in the art. The 
AAV5 repUcation machinery, i.e. the rep initiator proteins and other functions required 
for replication, can be utilized to produce the AAV5 genome that can be packaged in an 
AAV1,2, 3. 4,5or6capsid. 

.5 . .. 

The recombinant AAV5 virion containing a vector can also be produced by 
recombinant methods utilizing multiple plasmids'. In one example, the AAV5 rep 
nucleic acid would be cloned into one plasmid, the AAV5 ITR nucleic acid would be 
cloned into another plasmid and the AAVl, 2, 3, 4, 5 or 6 capsid nucleic acid would be 
10 cloned on another plasmid. These plasmids would then be infroduced into cells. The 
cells that were efficiently transduced by all three plasriiids, would exhibit specific 
integration as well as the ability to produce recombinant AAV5 virion. Additionally, 
two plasmids could be used where tlie AAVS'rep nucleic acid would be cloned into one 
plasmid and the AAV5 ITR and' AAV5 capsid would be cloned into another plasmid. 
■15 i . These plasmids would theii be introduced into cells, the cells that wer^ efficiently 
:. transduced by both plasmids; would exhibit 'specific integratioii as well as the ability to 
• produce recombinant. AAV5 virion.'"- ' ^ ■■ ■ '■ • ' - 

An AAY5 capsid polypeptide encoding the entire VPl, VP2, and VPS 
20 polypeptide can have greater than 56% overall homology to the polypeptide having the 
amino acid sequence encoded by nucleotides in SEQ ID NOS:7,8 and 9, as shown in 
figures 4 and 5. The capsid protein can have about 70% homology, about 75% 
homology, 80% homology, 85% homology, 90% homology, 95% hdraology, 98% 
homologyV 99% homolog)', or even 100% hoiriology to the prbteiii having the amino 
25 acid sequence encoded by the nucleotides set forth in SEQ ID N0S:7, 8 or 9.' the 
percent homology used to identify proteins herein, can be based ori a liucledtide-by- 
nucleotide comparison or more preferable is based on a computerized aigoiithm as 
described herein. Variations in the amino adid sequence of the AAV5 capsid protein 
are contemplated herein, as long as the resulting particle comprising an AAV5 capsid 
30 protein remains antigenically or immunologically distinct firoin AAVl, AAV2, AAV3, 
AAV4 or AAV6- capsid, as can be routinely detenniried by standard methods. 
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Specifically, for example, EUSA and Western blots can be used to determine whether a 
viral particle is antigenically or immunologically distinct from AAV2 or the other 
serotypes. Furthermore, the AAV5 particle preferably retains tissue tropism distinction 
from AAV2, such as that exemplified in the examples herein. An AAV5 chimeric 
5 particle comprising at least one AAV5 coat protein may have a different tissue tropism 
from that of an AAV5 particle consisting only of AAV5 coat proteins, but is still 
distinct from the tropism of an AAy2 particle^ in that it will infect some cells not 
infected by AAY? or an AAy2partid^^^^^^ i , i 

, "^/f j^^X^^^^'^i farther pTOvideis a recombinant AAV5, virion, comprising an 
A^VS paiticle containing, encapsidating, a vector comprising a pair of AAV5 
inyprted tenninal repeats. The recopibinant vector can further comprise an AAV5 Rep-"* 
encoding micleic acjd. The vector encapsidated in the particle can further comprise an 
„ ^?^.pg?n9us nucleic acidinserted ^ty/een, the inverted terminal repeats.' AAV5 Rep 
. . targeted integration and efficient repUcation,:thus; production of recombinant 

■'^A^^^.M^^omprisingAAV^ , 
AAV2. Since AAV5 is more efficient at replicating aiid packaglng.its genome, the 
exogenous nucleic acid inserted, or in the AAV5 capsids of the present invention, 
betweeti the-inv^rted teimnal repeats can be 3, 4, or 6 

20 capsids to achieve the specific tissue tropism conferred by the capsid proteins. : 

. .. The invention fiirther contemplates chimeric recombinant ITRs that contains a 
rep, binding site and a TRS site lecognized'by that. Rep protein'. By:"Rep protein" is 
25 . meant all four of the Rep proteins, Rep 40, Rep 78, Rep 52, Rep 68. Alternatively, 
, ."J^ep protein", could be one or more of the Rep proteins described herein. One example 
, of a chimeric XTR would consist of an AAV5 D region (SEQ K) NO: 23), an AAV5 
TRS^site (SEQ JD NO: 21), an AAV2 hairpin;and an AAV2 binding site. Another 
example would be an AAV5 D re^on, an AAV5 TRS site, an AAV3 hairpin and an 
30 , AAy3 binding site. In. these- chimeric ITRs, the D region can be from AAVl, 2, 3, 4, 5 
or 6. The hairpin can be derived from AAV 1,2 3, 4, 5, 6. The binding site can be 
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derived from any of AAVl, 2, 3, 4, 5 or 6. Preferably, the D region and the TRS are 
from the same serotype. 

The chimeric TTRs can be combined with AAV5 Rep protein and any of the 
AAV serotype capsids to obtain recombinant virion. For example, recombinant virion 
can be produced by an AAV5 D region, an AAV5 TRS site, an AAV2 hairpin, an 
AAV2 binding site, AAV5 Rep protein and AAVl capsid. This recombinaiit virion 
would possess the cellular tropism conferred by the AAVl capsid protein and would 
possess the efficient replication conferred by the AAV5 Rep. 

• Other examples of the ITR, Rep protein and Capsids that will produce 
recombinant virion are provided in the list below: - - 



. SITR + 5Rep + 5Cap=virion' - , ' ' y , .. . 

15 5ITR + 5Rc.p-hl,Cap=viri6n ■ ' . . - v . .X 1. v. ;- - ■ - ^ 

5rrR + 5Rcp + 2Cap=virion - • ' \ ' • ' :■■ ■ . ^ 

5rrR+,5Rep + 3Cap=viribn ' » ,: / . 

5ITR rt- 5Rep + 4Cap=vijion ■•- . 

5rrR ,+ 5Rep + 6Gap=virion , . \ .' . - . . , . .■ 

20 , 1ITR:+. lRep..+ 5Cap=virion: , . • < . ; ; , • . . 

2rrR + 2Rep + 5Cap=virion *i . . : i" . i. i.- • • 

3rrR + 3Rep + 5Cap=virion 

4ITR + 4Rep + 5Cap=virion 

6rrR + 6Rep + 5Cap=virion : . . . . . . ' • 

, . Inanyof the constructs described herein, inclusion of a promoter ispreferred. 
As used in the constructs herein, unless otherwise specified - Cap (capsid) refers to any 
of AAV5 VPl, AAV5 VP2, AAV5 VP3, combinations thereof .functional fragments of 
any of VPl, VP2 or VP3, or chimeric capsids as described herein. The TTRs of the 
30 consdiicts described herein, can be chimeric recombinant ITRs as described elsewhere 
in the application. , - ■ \ ' . . 
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Conjugates of recombinant or wild-type AAV5 virions and nucleic acids or 
proteins can be used to deliver those molecules to a cell. For example, the purified 
AAV5 can be used as a vehicle for deUvering DNA bound to the exterior of the virus. 
Examples of this are to conjugate the DNA to the virion by a bridge using poly-L-lysine 
5 or other charged molecule. Also qontemplated are virosomes that contain AAV5 
structural proteins (AAV5 capsid proteins), Upids such as DOTAP, and nucleic acids 
lliat are coniplexed via charge interaction to introduce DNA into cells. ■ 

Also provided by this invention are conjugates that utilize theAAVS capsid or a 
10 unique region of the AAV5 capsid protein (e.g. VP1,VP2 or VPS or combinations • 
thereof) to introduce DNA into cells. For example, the type 5 .VP3 protein or fragment 
thereof, can be conjugated to a DNA on a plasmid that is conjugated to a lipid. Cells 
can be infected using the targeting ability of the VP3 capsid protein to achieve the 
desired tissue tropism, specific to AAV5. Type 5 YPl and VP2 proteins can also be 
1 5 utilized to introduce DNA or other molecules into cells.: By further incorporating the ' 
Rep protein and the AAV TRS into the DNA-containing conjugate, cells can be 
transduced and targeted integration can be achieved. For example, if AAV5 specific * 
targeted integration is desired, a conjugate composed of the AAV5 VP3 capsid; AAV5 
rep or a fragment of AAV5 rep, AAV5 TRS, the rep binding site, the heterologous 
20 DNA of interest, and a lipid, can be utilized to achieve AAV5 specific tropism and 
AAV5 specific targeted integration in the genome. :rl ' - ' - 

Further provided by this invention are chimeric viruses where AAVS cmi be 
25 combined with herpes virus, herpes virus amplicons, baculovirus or other viruses to 
. achiev.e a desired tropism associated with another virus. : For example, the AAV5 ITRs 
could be inserted in tfie herpes virus and cells could be infected. Post-iiifection, the 

9^ AAV5 could be acted on by AAV5 rep provided in.ths system or in a separate 
vehicle to rescue AAV5 from the genome. Therefore, the cellular tropism of the herpes 
30 simplex virus can be combined with AAV5 rep mediated targeted integration.' Other 
viruses that could be utilized to construct chimeric viruses include ■ lentivirus. 
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retrovirus, pseudotyped retroviral vectors, and adenoviral vectors. 

The present invention further provides isolated nucleic acids of AAV5. For 
example, provided is an isolated nucleic acid comprising the nucleotide sequence set 
5 forth in SEQ ID N0:1 (AAV5 genome). This nucleic acid, or portions thereof, can be 
inserted into vectors, such as plasmids, yeast artificial chromosomes, or other viral 
vector (particle), if desired, by standard cloning methods. The present invention also 
provides an isolated nucleic acid consisting essentially of the nucleotide sequence set 
forth in SEQ ID NO:i. The nucleotides of SEQ ID NO:! can have minor modifications 

10 and still be contemplated by the present ihvehtiori. For example, modifications that do 
not alter the amino acid encoded by any given codon (such as by modification of the 
third, "wobble," position in a codon) can readily be made, and such alterations are 
known in the art. Furthermore, modifications that cause a resulting neutral (conserved) 
ainino- acid substitution of a similar amino acid can be ndade in a coding region of the 

1 5- genome. ' Additionally, modifications as described herein for the AAV5 components, 
' such as the IIRs', 'the p5 prdinoter, etc. are contemplated in this invention. 
Furthermore, modifications to regions of SEQ ID NO: 1 other than in the ITR, TRS Rep 
binding site and hairpin are likely to be tolerated without serious impact on the function 
of the nucleic acid as a recombinant vector. 

' As used herein; the term^*4solated" refers to a nucleic acids 
significantly free from at least soine of the other cdmponehts of the naturally occurring 
organism, for example, the cell stractural components' or viral components commonly 
found associated with nucleic acids in the environment of the vims and/or other nucleic 
25 acids. The isolation of the native nucleic acids can'be accomplished, for example, by 
techniques such as c6ll lysis followed by phenol plus chloroform extraction, followed 
by ethahol precipitation of the nucleic acids. The nucleic acids of this invention can be 
isolated from cells according to any of many methods well known in the art. 

30 , As used herein, the terai "nucleic acid" refers to single-or multiple stranded 
molecules which may be DNA or RNA, or any combination thereof, including 
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modifications to those nucleic acids. The nucleic acid may represent a coding strand or 
its complement, or any combination thereof. Nucleic acids may be identical in 
sequence to the sequences which are naturally occurring for any of tiie novel genes 
discussed herein or may include alternative codons which encode the same amino acid 
5 as those provided herein, including that which is found in the naturally occurring 
sequence. These nucleic acids can also be modified firom their typical structure. Such 
modifications include,..but aj;e not limited to, methylated nucleic acids, the substitution 
of a non-bridging oxygen on tiie phqsphate residue with either a sulfur, (yielding 
phosphorothioate deoxynuclejatides),. ^esl?^ (yiel(Hng phosphorselenqate 
10 deoxynucleotides), or methyl groups (yielding melhylphosphonate depxynucleotides). 

The present inyen|ipn^44itionally proyides an isolated nucleic acid that 
selectively h^bricUzes vvith an^ nucleic, acid disclosed herein, incjuding the entire 
- S^np^e snd any unique fr^girient,thereof,^M^ the Rep and capsid 

c®-?°^^/^'^-^^^^ 7,,8, 9, 10,jU,,13^,l$, 16,;17., 18, 19, 20, 21, 

22 and 23). jSpecificjiU^, flji^^niipj^i^c acid cai^ selectively, or specifically hybridize to an . 
isolated nucleic acid qonsistjng .qf th^^nucleotide sequence set forth-in.SEQ ID N0:1 f 
(AAV5 genome). The presejiUnyention furjher provides an isolated nucleic acid that 
selectively or specifically hybridizes, with.an isolated ,nuc^ acid comprising the 
20 nucleotide sequence set forth in SEQ ID NO: 1 (AAV5 genome). By "selectively 

^y^4^ii2:es" as used hereii) is meaut a npcleip |cid that hybipidizes to one of the disclosed 
nucleic acids .under sufficient stringency conditions without significant hybridization to 

.^^i^ ^rico^ng an irareM^ and particularly, without detectably 

, hybridizing to nuclieic acids pf A Ay2,. ;Thus, a nucleic acid that selectively hybridizes 
25 with a nucleic acid of the pjreisent invention will,not selectively hybridize under 
stringent conditipns with a nupleic acid encoding a, different protein or the 
corresponding protein from a different serotype of the. virus, and vice versa. A 
"specifically hybridizing"; nucleic acid is one that hybridizes under stringent conditions 
to only a nucleic acid found in AAV5. Therefore, nucleic acids for use, for example, as 
30 primers and probes tp detect or amplify the target nucleic acids contemplated 

herein. Nucleic .acid fragments that selectively hybridize to any given nucleic acid can 
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be used, e.g., as primers and or probes for further hybridization or for amplification 
methods {e.g,, polymerase chain reaction (PGR), ligase chain reaction (LCR)). 
Additionally, for example, a primer or probe can be designed that selectively hybridizes 
with both AAV5 and a gene of interest carried within the AAV5 vector {le,, a chimeric 
5 nucleic acid). 

Stringency of hybridization is controlled by both temperature and salt 
concentrationof either or botli of the hybridization and washing steps. Typically, the 
stringency of hybridization to achieve selective h}'bridization involves hybridization in 
10 high ionic strength solution (6X SSC or 6X SSPE) at a temperature that is about 12- 
25°C below the (the melting temperature at which half of the molecules dissociate 
from their hybridization partners) followed by washing at a combination of temperature 
. and salt concentration chosen so that.the washing temperature is about 5°C to 20^*0 
below the T^,. The temperature and salt conditions are readily determined empirically 
15. in preliminary experiments in which samples of reference DNA immobilized on filters 
. ' ; are hybridized to a labeled nucleic acid of interest and then washed under conditions of 
\ different stringencies. Hybridization temperatures ai'e typically higher for DNA-RNA 
and RNA-RNA hybridizations. The washing temperatures can be used as described 
above to achieve selective stringency, as is known in the art. (Sambrook et al., 
20 Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Labbratory, 
Cold Spring Harbor, New York, 1989;jKuiikel et al. Me?/fo& 
1987). A preferable stringent hybridization condition for a DNA:DNA hybridization 
can be at about 68 °C (in aqueous solution) in 6X SSC or 6X SSPE followed by 
washing at 68 °C. Stringency of hybridization and washing; if desired, can be reduced 
25 accordingly as the degree of complementarity desired is decreased/and furtheri 

• depending upon the G-C or AtT richness of any area wherein variability is searched for. 
• Likewise, stringency of hybridization and washing, if desired, can be increased 
accordingly as homology desired is increased, and further, depending upon the G-C or 
A-T richness of any area wherein high homology is desired, all as known in the art. 
30 ^ , ' ^. . . ■ . : . 
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A nucleic acid that selectively hybridizes to any portion of the AAV5 geuome is 
contemplated herein. Therefore, a nucleic acid that selectively hybridizes to AAV5 can 
be of longer length than the AAV5 genome, it can be about the same length as the 
AAV5 genome or it can be shorter than the AAV5 genome. The length of the nucleic 
5 acid is limited on the shorter end of the size range only by its specificity for 
hybridization to AAV5, ie,, once it is too short, typically less than about 5 to 7 
• nucleotides in length, it will no longer bind specifically to AAV5, but rather will 
hybridize to numerous background jnudeic acids.- Additionally contemplated by this 
invention iSf a nueleic acid th^t has a portion that specifically hybridizes to AAV5 and a 
10 portion; that specifically hybridizes to a geiie of interest inserted within AAV5.' 
: M^- ' -J; r -rn: ' r . - • , . 

The present inVentionjfurther provides an isolated nucleic acid encoding an 
adeno-associated virus 5. Rep protein. :The AAV5 Rep proteins are encoded by open 
: , reading frame (ORI^ 1 of the AAV5 genome.; Examples^of the AAV5 Rep genes are 
15 shown in thenTjcleicacid setrforfh^in SEQ.ID NO: Ip and include niicleie acids ^ 
. - consisting essentially of ;the nudeotidesequences3set fo (Rep52), 
11 (Rep78), 13 (Rep40), andrl'5,'(Rep68), arid nucleic acids comprising the nucleotide 
sequences set forth in SEQ IE> NQS:.iO: , 13,:and 15. However, the present 
invention contemplates that the^ep ^nucleic acid can include any one, two, three, or 
20 four of the four Rep profeins, in ^y. order ,4n«uch ai nucleic acid. Furthermore, minor 
/ , , modifications are contemplated itiVthe nucleic acid, ^uch as silent mutations in the 
: coding sequences, mutations that make neutral.or conservative changes in the encoded 
' -arninp acid sequence, andmutations in regulatory regions that do not disrupt the 
V. expression of the 'gene. Examples of other minor modifications are known in the art. 
25_ . Further modifications can be made in the nucleic acid, such as to disrupt or alter 

expression of one or more of ;the Rep proteins in order to, for example, deteraiine the 
. , effect of such, a disruption; such as to m.utate one or more of the Rep proteins to 
. determine the resulting effect, etc. However, in general, a modified nucleic acid 
-encoding a Rep protein "will have at least about 85%, about 90%, about 93%, about 
30 95%, about 98% or 100% homology to the Rep nucleic sequences described herein 
e.g., SEQ ID NOS: 10, 11, 13 and 15, and the Rep polypeptide encoded therein will 
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have overall about 93%, about 95%, about 98%, about 99% or 100% homology with 
the amino acid sequence described herein, e.g., SEQ ID N0S:2 , 3, 12 and 14. Percent 
homology is determined by the techniques described herein. 

5 The present invention also provides an isolated nucleic acid that selectively or 

specifically hybridizes with a nucleic acid consisting essentially of the nucleotide 
sequence set forth in SEQ ID NOS:10, 11, 13 and 15, and an isolated nucleic acid that 
selectively hybridizes with a nucleic acid comprising the nucleotide sequence set forth 
- in SEQ ID NOS:10, 11, 13 and 15. "Selectively hybridizing" and "stringency of 
10 hybridization" is defined elsewhere herein. - 

As described above, the present invention provides the nucleic acid encoding a 
Rep 40 protein and, in particular an isolated nucleic acid comprising the nucleotide 
sequence'set forth in SEQ ID NO: 13, an isolated nucleic acid consisting essentially of 

15 the nucleotide sequence set forth' in SEQ ID NO: 13^ and a nucleic acid encoding the 

. ' V adeno-associated virus 5 protein having the ainino acid sequence set forth in SEQ ID 
NO:: 12. The present invention also provides the nucleic acid encoding a Rep 52 
protein, and in particular an isolated nucleic acid comprising the nucleotide sequence 
set forth in SEQ ED NO: 10, an isolated nucleic acid consisting essentially of the 

20 nucleotide sequence set forth in SEQ ID'NO:10, and a nucleic acid encoding the adeno- 
associated virus 5 Rep protein having the amino acid sequence set forth in SEQ ID 
N0:2. The present invention further provides the nucleic acid encoding a Rep 68 
protein and,*in particular an isolated nucleic acid comprising the nucleotide sequence 
set forth in SEQ ID NO: 15, an isolated nucleic acid consisting essentially of the 

25 nucleotide sequence set forth in SEQ ID NO: 15, and a nucleic acid encoding the 
' adeno-associated virus 5 protein having the 'amino acid sequence set forth in SEQ ID 
NO: 14.^ And, further, the present invention provides the nucleic acid encoding a Rep 
78 protein, and in particular an isolated nucleic acid comprising the nucleotide 
sequence set forth in SEQ ID N0:11, an isolated nucleic acid consisting essentially of 

30 * the nucleotide sequence set forth in SEQ ID NO: 11, and a nucleic acid encoding the 
• 'adeno-associated virus 5 Rep protein having the amino acid sequence set forth in SEQ 
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ID N0:3. As described elsewhere herein, these nucleic acids can have minor . 
modifications, including silent nucleotide substitutions, mutations causing conservative 
amino acid substitutions in the encoded proteins, and mutations in control regions that 
do not or minimally affect the encoded amino acid sequence. 

5 . 

The present invention further provides a nucleic acid encoding the entire AAV5 
. Capsid polypeptide. Furthermore, the present invention provides a nucleic acid 
encoding each pf the three AAy5 :coat proteins,; VPl, VP2j 'and VPS. Thus, the present 
invention provides: a nucleic acid encoding AAV5 Wl ,r a nucleic acid encoding AAV5 
10 VP2, and a nucleic acid encoding AAV5 VP3. Thusi, the present invention provides a 
nucleic acid encoding the amino acid sequence set forth in SEQ ID N0:4 (VPl); a 
nucleic acid encoding the amino acid sequence set forth in SEQ ID NO:5 (VP2), and a 
nucleic. acid- encoding the amino acid sequence, set forth in SEQ;ID N0:6 (VP3). The 
present inyjention ajso/specifically.proyides a nucleic a,cid comprising SEQ ID NO:7 
15 ,<yPl/ gene;);ia nucleic acid cpnaprising^SEQ ID ;N0;8 0^2 gene)j a^d a nucleic agid 
Qomprising SEQ ID NCh9 (\GR3 gene). The^present invention; also specifically provides 
^ ; a nucleic acid consisting essentially of SEQ ID N0:7 (VPl gene), ia ^nucleic acid - 
fconsisting esseritially of SEQ ID'NO:8:.(VP2;gene), arid a nucleic acid consisting. . 
. - essentially of SEQ ID N0:9 (VPS: gene). Minor modifications in the nucleotide 
20 sequences encoding the capsid, or coat, proteins ar§ contemplated, as (described above 
' fori other; A AV5 nucleic acids. :JIowever, in general,:a modified nucleic acid encoding a 
Ji capsid protein will have at least about 85%, about 90%,'about 93%, 'about 95%, about 

98% or 100% homology to the capsid nucleic sequences described herein e.g., SEQ ID 
; NOS: 7, 8, and 9, and the capsid polypeptide encoded therein will havcioverall about 
25 • 93%, about 95%, about 98%;about 99% or 100% homology.with the amino acid 
. . sequence described hereiri, e.g., SEQ ID N0S:4, 5, and 6. . Nucleic acids that selectively 
. -hybridize with' the nucleic acids of SEQ ID NOS:7,8 and 9 under the conditions 
: described above are also provided. ' - . 

30 V The presentinvention also provides a cell containing one or more of the herein 
described nucleic acids, such as the AAV5 genome, AAV5 ORFl and 0RF2, each 
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AAV5 Rep protein gene, or each AAV5 capsid protein gene. Such a cell can be any 
desired cell and can be selected based upon the use intended. For example, cells can 
include bacterial cells, yeast cells, insect cells, human HeLa cells and simian Cos cells 
as well as other human and mammalian cells and cell lines. Primary cultures as well as 
5 established cultures and cell lines can be used. Nucleic acids of the present invention 
can be delivered into cells by any selected means, in particular depending upon the 
target cells. Many delivery nieans are well-known in the art. For example, 
electroporation, calcium phbsphjate precijpitation, microinjectiori, catiohic or anionic 
liposomes, and liposomes in combination with a nuclear localization signal peptide for 
10 delivery to the nucleus can be utilized,' as is known in the art. Additionally, if the 

nucleic acids are in a viral particle, the cells can simply be transduced with the virion by 
standard means known in the art for AAV transduction. Small aniounts of the 
recombinant AAV5 virus can be made to infect cells and produce more of itself. 

15 *• ' '1^^ invention provides purified AAV5 polypeptides.' The te "polypeptide" as 
' used herein refers to a p'blymer of amino acidS ahii includes fall-length proteins and 
fragments thereof . Thus, *'pfotein," polypeptide," and "peptide" are often used 
interchangeably herein. Substitutions can be selected by knowii parameters to be 
neutral (see, e.g., Robinson WE Jr, and Mitchell WM., AIDS 4:S151-S162 (1990)). 

20 As will be appreciated by those skilled in the art, the invention 'also' includes those 

polj^eptides having slight variations iii amiiib acid 'Sequences of other properties. Such 
variations may arise naturally as allelic variations (e.^., due to' genetic polymorphism) 
or inay be produced by hmnah' intervention (eigl, by mutagenesis of cloned DNA 
sequences), such as induced point, deletion, irisertion and substitutionmiitants. Minor 

25 changes in amino acid sequence are generally preferred, such' as conservative amino 
acid replacenaents, small internal deletions or insertions, and additions of deletions at 
the en^s of the molecules! Subistitutions may be designed based on, for example, the 
model of Dayhoff, et ah (in Atlas of Protein Sequence and Structure 1978, Natl 
Biomed. Res. Found., Washington, D.C.). These modifications can result in changes in 

30 the amino acid sequence, provide silent mutations, modify a restriction site, or provide 
other specific mutations. The location of any modifications to the polypeptide will 
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often detennine its impact on function. Particularly, alterations in regions non-essential 
to protein, function will be tolerated with fewer effects on function. Elsewhere in the 
application regions of the AAV5 proteins are described to provide guidance as to where 
substitutions, additions or deletions can be made to minimize the likelihood of 
5 . disturbing the function of the variant. 

. , A polypeptide of the present invention can be readily obtained by any of several 
means. For example, the polypeptide of interest can be synthesized chemically by 
. standard.methods. . Additionally, the coding regions of the genes can be recombinantly 
10 expressed and the resulting polypeptide isolated by standard rnethods.. Furthermore, an 
.antibody specific for the resulting polypeptide can be raised by standard methods (see, 
e.g. , Harlow^ and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor 
, Laboratory,. Cold Spring Harbor, New York, 1988), and the protein can be isolated 
from a cell expressing the nucleic acid encoding the polypeptide by selective 
. . 15 hybridization with the antibody. This protein can be purified to the.extent desired by r 
, standard methods of protein purification (see, e.g. , S.ambrook.et al.. Molecular Cloning:: 
A Laboratory Manual, 2ndEd^, Cpld Spring Harbor Laboratory, Cpld Spring Harbor, r 
New Yoric, 1989). , . . 

, . r Typically, to be unique, a polypeptide fragment of the present invention will be 
at least abput 5 amino acids in length; however, unique fragments can be 6, 7, 8, 9, 10, 

, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more amino acids in length. A unique polypeptide 
>vill typically comprise such a unique fragment; however, a unique polypeptide can also 
be determined by its overall, hpniology. A unique polypeptide can be 6, 7, 8, 9, 10, 20, 

25 ^ 30, 4Q,. 50, 60, 70, 80, 90, 100. or more amino acids in length. Uniqueness of a. 

polypepjtide, fragment can readily be determined by standard niethods such as searches 
of computer databases of known peptide or nucleic acid sequences or by hybridization 
studies to ,the nucleic acid encoding the protein or to the protein itself , as kaown in the 
, art. The uniqueness of a polypeptide fragment can also be determined immunologically 

30 as well as functionally. Uniqueness can be. simply detenuined in an amino, acid-by- 
amino acid comparison of the polypeptides. 
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An antigenic or immunoreactive fragment of this invention is typically an . 
amino acid sequence of at least about 5 coiisecutive amino acids, and it can be derived 
from the AAV5 polypeptide amino acid sequence. An antigenic AAV5 fragment is any 
fragment unique to the AAV5 protein, as described herein, against which an AAV5- 
5 specific antibody can be raised, by standard methods. Thus, the resulting antibody- 
antigen reaction should be specific for AAV5. 



The present invention provides an isolated AAV5 Rep protein. An AAV5 Rep 
polypeptide is encoded by ORFl of AAV5; The present invention also provides each 
individual AAV5 Rep protein. Thus the present invention provides AAV5 Rep 40 
(e.g., SEQ ID NO; 12), or a unique fragment thereof. The present invention provides 
AAV5 Rep 52 (e.g., SEQ ID NO: 2), or a unique fragment thereof. The present 
invention provides AAV5 Rep 68 (e;g., SEQ ID NO: 14), or a unique fragment thereof. 
The present invention provides an example of AAV5 Rep 78 (e.g.; SEQ ID NO: 3), or a 
unique fragment thereof. By "unique fragment thereof* is meant any smaller 
polypeptide fragnient encoded by an AAV5 tcp genie tliat is of sufficient length to be 
found only in the Rep polypeptide: Substitutions and modifications of the amino acid 
sequence can be made as described above and, further, can include protein processing 
modifications, such as glycosylation, to the polypeptide. 

The present invention further provides an AAV5 Capsid polypeptide or a unique 
fragment tliereof. A A V5 capsid polypeptide is encoded by ORE 2 of AAV5: The 
present invention further provides the individual AAVS capsid proteins, VPl, VP2 and 
VP3 or unique fragments thereof. Thus, the present invention provides an isolated 
25 polypeptide having the amino acid sequence set forth in SEQ ID N0:4 (VPl). The 
present invention additionally provides an isolated polypeptide having the amino acid 
sequence set forth in ' SEQ ID NO:5' (VP2). The present invention also provides an 
isolated polypeptide having the amino acid sequence set forth in SEQ ID N0:6 (VP3). 
By "unique fragment thereof" is meant any smaller polypeptide fragment encoded by 
30 any AAV5 capsid gene that is of sufficient length to be found only in the AAV5 capsid 
protein. Substitutions and modifications of the amino acid sequence can be made as 
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described above and, further, can include protein processing modifications, such^as 
glycosylation, to the polypeptide. However, an AAV5 Capsid polypeptide including all 
three coat proteins will have, greater than about 56% overall homology to the 
polypeptide. encoded by the nucleotides set forth in SEQ ID NOS:4,5 or 6. The protein 
5 can have about 65%, about 70%, about 75%, about 80%, about 85%, about 90%^ 93%, 
95%, 97% or even 100% homology to the amino -acid sequence encoded by the 
nucleotides set forth in SEQ ID NOS:4,5 or 6. An AAV5 VPI polypeptide can have at 
least abppt 58%, about 60%,. aboyt^ 95%, 97% or 

. about ,ipp%,.horaology4p th^^ amino acid sequence set forth in SEQ;IP N0:4. An 

10 . , AAy5yP2 polypeptide can h^^^ about 5B%, about 60%, abqut 70%, about 

80%, about 90%, 93%, 95%, 97% or, about 100% hpmology to the amino acid 
sequence set fprth in SEQ ID NQ:5. An AAV5 yP3 polypeptide can have at least 
. about 60%,, abQut 70%j, aboutj80% about.90%, ,93%, 95%^97% or about 100% 
homology to the amino acid sequence sqtiorth in SEQ ID NQ:6,. , . , , 

15 ./ , , - . . . 

, - , : y-./rhe.present^n^ .an isolated antiOb 

^ . binds an AA\^5 Rep protein or ^arumque' epitope, ti^^ provided are isolated 

, antibodies that specifically bind the, ^AVS Rep 52 protein, the AAVS.Rep 40 protein, 
the AAV5 Rep 68 proteiaand ^the-TW^ haying the amino acid 

20 sequences set forth in SEQ ID N0:2, SEQ ID NO: 12, SEQ ID NO: 14 and SEQ ID 
-NO: 3, respectively, or that specificaU Clearly, any 

. . given antibody: can recognize ^nd bind one of :a;nuniber of possible epitopes present in 
the polypeptide; ttius pnly>a unique portion of ^ polypeptijde^(having the epitope) may 
y . \ need to be.presentin an assay to determine if the.antibody sppcifically binds the 

25 polypeptide. . m-. - >{ 

, The present invention^ additionally, provides an* isolated antibody that 
■ , specifically binds any of the adeno-ass;ociated vims 5 Capsid proteins (VPI, VP2 or 
VP3), a unique epitope thereof, or the polypeptide comprising aU three AAV5 coat 
30 • . proteins. Also provided is an isolated aiatibody that specifically binds the AAV5 capsid 
protein having the amino acid sequence set forth in SEQ ID N0;4 (VPI), or that 
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specifically binds a unique fragment thereof. The present invention further provides an 
isolated antibody that specifically binds the AAV5 Capsid protein having the amino 
acid sequence set forth in SEQ ID NO:5 (VP2), or that specifically binds a unique 
fragment thereof. The invention additionally provides an isolated antibody that 
5 specifically binds the AAV5 Capsid protein having the amino acid sequence set forth in 
SEQ ID N0:6 (VPS), or that specifically binds a unique fragment thereof. Again, any 
given antibody can recognize and bind one of a number of possible'epitopes present in 
the polypeptide; thus only a unique portiori of a polypeptide (having the epitope) may 
need to be present in an assay to determine if the antibody specifically binds the 
10 polypeptide. 

The antibody can be a component of a composition that comprises an antibody 
' that specifically binds the AAV5 protein. The composition can further comprise, e.g., 
serum, serum-free medium, or a phamiaceutically acceptable carrier siich'as 
-15 physiological saline, etc.; * ' ' ' ' ' ' " ^ 

• ' - By "an antibody that specifically binds" an'AAVS polypeptide or protein is 
meant an antibody that selectively binds to arr epitope on any portion of the AAV5 
peptide such that the antibody biridis specifically to the corresponding AAV5 
20 polypeptide without significant background. Specific binding by an antibody further 
means that the antibody can be used to selectively remove the target polypeptide from a 
* ■ sample comprising tlie polypeptide or andxan readily be detennined by 
' radioimmunoassay (RiA), bioassay, or enzyme-linked immuriosbrbant (BUS A) 
' technology. An EUS A method effective for the detection of th6 specific antibody- 
25 antigen binding can, for example, be as follows:' (1) bind the antibody to at substrate; 
(2) contact the bound antibody with a sample containing the antigen; (3) contact the 
above with a secondary antibody bound to a detectable moiety (e.g., horseradish 
peroxidase enzyme or alkaline phosphatase enzyme); (4) contact the above with the 
substrate for the enzyme; (5) contact the above with a color reagent; (6) observe the 
30 color change. ... - 
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An antibody can include antibody fragments such as Fab fragments which retain 
the binding activity. Antibodies can be made as described in, e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York (1988), Briefly, purified antigen can be injected into an animal in 
5 an amount and in intervals sufficient to elicit an immune response. Antibodies can 
eitiier be purified directly, or spleen cells can be obtained from the animal. The cells 
are then fused wifli an immortal cell line and screened fox antibody secretion. 
^ Individual^hy|)ridomas are then propagated as individual clones serving as a source for 
a particular monoclonal antibody., . ; 

10 

The present invention additionally provides a method of screening a cell for 
infectivity by AAVS. comprising. pontacting flie cell with AAV5 and detecting the 
presence of AAYSin tiie cells, AAV5: particles can be detected using any standard 
physical or biochemcal mptb0ds;.,P^^^ methods that can be used for 
15 this detection include DNA based methods such as 1) polyinerase chain reaction (PCR) 
for viral DNA or RNA or 2) direct hybridization with labeled probes, and 
, immunological method? suqh.as byf3^ antibody directed against, the viral structural or 
non- structural proteins,. , Catsdy^c iijptho(k of viral detection include, but. are not 
limited to, .detection of.site^and stijand specific DNA nicking activity, of Rep proteins or 
20 , replication of an AAV, origin-, containing substrate.* Reporter genes can also be utilized 
^ to detect cells that transduct AAY-S: ^Fpr example, p-gal, green flourescent protein or 
luciferase can be inserted into a recombinant. AAV-5. , The cell can.then be contacted 
with the recombinant AAV-5,. either in vitro or in vivo and a colorinaetric assay could 
. , detect a color change in tiie cells that would indicate transduction of .AAV-S in the cell. 
2^ . . Additional detection methods are outlined in Fields, y/raZogy, Raven Press, KeW; York, 
_ New^York. 1996. , . , . : . v ^. , 

. For.screening a cell for infectivity by AAV5, wherein the presence of AAV5 in 
the cells is determined by nucleic acid hybridization methods, a nucleic acid probe for 
30 such detection can comprise, for example, a unique fragment of any of the AAV5 

nucleic acids provided herein. The uniqueness of any nucleic acid probe can readily be 
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determined as described herein. Additionally, the presence of AAV5 in cells can.be 
detennined by flourescence, antibodies to gene products, focus fonning assays, plaque 
lifts, Western blots and chromogenic assays. The nucleic acid can be, for example, the 
nucleic acid whose nucleotide sequence is set forth in SEQ ID NO: 1,7, 8, 9, 10, 1 1, 13, 
5 15, 16, 17, 18, 19, 20, 21, 22, 23 or a unique fragment thereof. 

The present invention includes a method of determining the suitability of an 
AAV5 vector for administiation to a subject comprising administering to an antibody- 

10 containing sample from tiie subject an antigenic fragment of an isolated AAV5 Rep or 
Capsid protein, and detecting neutralizing antibody-ahtigen reaction in the sample, the 
' presence of a neutralizing reaction indicating the AAV5 vector may be unsuitable for 
use in the subject. The present method of determining the suitability of an AAV5 
vector for administration to a subject cb^ comprise contacting an antibody-containing 

1 5 sample from the subject with' a iinique iantigenic or immunogenic fragment of an AA V5 
Rep protein (e.g. Rep 40, Rep 52, Rep 68, Rep 78) and' detecting an antibody-antigen 
reaction in the sample, the presence of a reaction indicating tlie AAVS vector to be 
unsuitable for use in the subject. The AAV5 Rep proteins are provided herein, and 
their antigenic fragments are routinely' determined: The AAV5 capsid protein can be 

20 used to select an antigenic or immunogenic fragment, for example from the amino acid 
sequence set forth in SEQ ID N0:4XVP1)', the amino acid sequence set forth in SEQ 
^ TD NO: 5 (VP2) or the amino aicid sequence set fortli in SEQ ID Nd:6 (VP3). 
Alternatively, or additionally, an antigenic or immunogenic fragment of an isolated 
AAV5 Rep protein can be utilized in this detemiination method* TheAAV5Rep 

25 protein from which an' antigenic fragment is "selected can hive the aimino- acid sequence 
encoded by the nucleic acid set forth in SEQ ID NO: 1 , the amino ^icid sequence set 
' forth in SEQ ID N0:2, or the amino acid sequence set forth in SEQ ID NO:3, the amino 
acid sequence set forth in SEQ ID NO: 12, or the amino acid sequence set forth in SEQ 
IDN0:14. 
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The AAV5 polypeptide fragments can be analyzed to determine their 
antigenicity, immunogenicity and/or specificity. Briefly, various concentrations of a 
putative immunogenically specific fragment are prepared and administered to a subject 
and the immunological response (e.g., the production of antibodies or cell mediated 
5 inmiunity) of an animal to each concentration is detemiined. The amounts of antigen 
administered depend on the subject, e.g. a human, rabbit or a guinea pig, the condition 
of the subject, the size of the subject, etc. Thereafter an animal so inoculated with the 
antigen CM be. exposed to^the^^ A 

immiinorciactivity or the antigenicity of tjie .specific immunogenic fragment. The 
10 specifiqity of a pjutatiye .antigenic or irnmunpgenic fragment can be ascertained by 

testing sera, other fluids or lynoLphocytes from thje inoculated animal for cross reactivity 
with other closely related viruses, such as.AAVl, AAV2, AAV3, AAV4 and AAV5. . 

^ . . ,T1ie,hemag^utinatioaa3^ tp rapidlyidentify and detect 

15 . AAY5 ^yfrafl particles Detectiontpf Jiemagglu \yith infectivity 

and pan bemused to ^iteii-the^vju^^ JWs.assay couldjalso hp used to 4d^^fy antibodies 

■ . , in. . a patients spruni whic:^ imght interact virus.. .Heniagglutination has been ^. 

shown to correlat?;.wi1;;^^r^^^ hemagglutination may be a useful 

assay for identify cell^^^ - . , 

20 . 

. ; . i : . , . JBy^the "suitability of ^an AAy^xvectjor for administratipn to a subject" is meant a 
deteraiination of whether, the AAVS vectof will elicit a neutralizing immune response 
. upon^ adnainistratipa to ^ partiqular subject. A vector that does not elicit a significant 
iimnune responseis a, pptentially suitable vector, whereas a vector that elicits a 
. 25 significant, neutralizing immune response (e.g. at least 90%) is thus likely to be 

unsuitable for use in that subject. - Significance of any detectable immune response is a 
standard parameter understood by the skilled artisan in the field. For example, one can 
, - incubate the subject's serum with the virus, then determine whether that virus retains its 
ability to transduce cells in culture. If such vims cannot transduce cells in culture, the 
30 vector likely has elicited a significant immune response. 
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Alternatively, or additionally, one skilled in the art could determine whether or 
not AAV5 administiration would be suitable for a particular cell type of a subject. For 
example, the artisan could culture muscle cells in vitro and transduce the cells with 
AAV5 in the presence or absence of the subject's serum. If there is a reduction in 
5 transduction efficiency, this could indicate the presence of a neudralizing antibody or 
other factors that may inhibit tiransduction. Normally, greater than 90% inhibition 
would have to be observed in order to rule out the use of AAV-5 as a vector. However, 
this limitation could be overcome by treating the subject wifli an immunosuppressant 
that could block the factors inhibiting tiransduction. 
-.10 ; . ... . . 

As will l)e recognized by those skilled in the arti numerous types of 
immunoassays are available for use in the present invention to detect binding between 
an antibody and an AAV5 polypeptide of this invention. For instance, direct and 
indirect binding assays, competitive assays, sandwich assays, and the like, as are 
15 generally described in, 5.^., U.S.'Pat. Nos. 4;642,285;"4,376,110; 4,016,043; 3,879,262; 
■ 3,852,157; 3;850,752; 3,839,153;- 3,791,932; and Harlow andLane, Antibodies, A 
. Laboratory Manual, Cold Spring Harbor Publications; N.Y. (1988). For example, 
enzyme immunoassays such as immunofluorescence assays (IFA), enzyme linked 
immunosorbent assays (EUSA) and iinmundblotting can be readily adapted to 
20 accomplish the detection of the ahtibody. An EUSA method effective for the detection 
• of the antibody bound- to the antigen caiii for example^ be as follows: (ij bind the 
antigen to a substirate; (2) contact the bound amtigeri with a fluid or tissue sample 
containing this antibody; (3) contact the above witii a secondary aiitibbdy specific for 
the antigen iand bound to a detectable indiety (e.g., horseradiish peroxidase enzyme or 
25 alkaUhe phosphatase'erizyme); (4)'contact the above with' the substrate for the enzyme; 
(5) contact the above with a color reagent; (6) observe color change. 

The' antibody-containing sample of this method can comprise any biological 
sample which would contain the antibody or a cell containing the antibody, such as 
30 blood,plasma, serum, bone marrow, saliva and urine.' 
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The present invention also provides a naethod of producing the AAV5 virus by 
transducing a cell with the nucleic acid encoding the virus. 

The present method further provides a method of delivering an exogenous 
5 (heterologous) nucleic acid to a cell comprising administering to the cell an AAV5 
particle containing a vector comprising the nucleic acid inserted between a pair of AAV 
inverted terminal repeats, ,t;hereby delivering ,the nucleic acid to the cell. 

10 The AAV ITRs in the vector for the herein described delivery methods can be 

AAV5 ITRs (SEQ ID NOS : 19 and 20).. Furfhermpre, the AAV ITRs in the vector for 
,the herein described nucleic acid deli very methods, can also comprise AAVl , AAV2 , 
AAV3, AAV4,, or AAV6 inverted tenninal repeats.. • 

.15. . ; The present invention also 

nucleic acid to a subject^ comprising ad^ the subject ah AAV5 

.virion or particle comprising t^eijaucleic acid inserted between a pair of AAV inverted 
. teiminal repeats, and returning^^e,celU the^ subject,>;thjBrpby delivering the nucleic * 
acid to the subject. The MVOTs can.bQ aiiy AAV ITRs, including AAV5 ITRs and 
20. . AAV2 ITRs. For example, in -an viva adjnimstration, ce];ls- are isolated.from a 
, subject by standard means according to .the cell type and placed in, appropriate culture 
: medium, again according to cell type {see, e,g., ATCC catalog):: Viral pacticles are then 
. ; contacted with the cells as described above, and the virus is allowed to transduce the 
. - cells. Cells can then be transplanted back into the subject's body, again by means 
. 25 ^standard for the.cell type and tissue. (e. g., in. general, U.S. Patent No, 5,399346; for 
neural cells,. Dunnett, S.B. and BjSrklund, A,, eds., Transplantation: Neural 
Transplantation-A Practical Approach, Oxford University Press, Oxford (1992)), If 
/ desired, prior to transplantation, the cells . can, be studied for degree of transduction by 
the vims, by known detection means and as described herein. Cells for ex vivo 
30 transduction followed by transplantation into a subject can be selected from those listed 
above, or can be any other selected cell including progenitor cells of the cells listed 
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above. Preferably, a selected cell type is examined for its capability to be transfected by 
AAV5. Preferably, the selected cell will be a cell readily transduced with AAV5 
particles; however, depending upon the application, even cells with relatively low 
transduction efficiencies can be useful, particularly if the cell is from a tissue or organ 
5 in which even production of a small amount of the protein or antisense RNA encoded 
by the vector will be beneficial to the subject 

•The present invention further provides a method of delivering a nucleic acid to a 
cell in a subject comprising administering to' the subject an AAV5 virion or particle 

10 comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats, 
thereby delivering the nucleic acid to a cell in the subject. Administration can be an ex 
vivo administration direcfly to a. cell removed from a subject, such as any of the cells 
listed above, followed by replacement of the cell back into the subject, or 
administration can be mvfvo adniinistration to a cell in the subject For ex vivo 

15 . administration, .cells are isolated from a subject by standardmeans according to the cell 

. ' type'and placed in appropriate culture medium,* again according to cell type (see, e.g., 
ATGG catalog). >Viral particles are then contacted with the cells as described above, 
and the virus is allowed to transf ect the cells. Cells can then be transplanted back into 
the subject's body, 'again by means standard for the cell type and tissue (e. g., for neural 

20 cells,.Dunnett,'S.B. andBjorMuhd, A:;eds.; rra^^^ 

Transplantdtion-^A Practical Approach, OxfordVidYQ^^^ If 
. ■ desired, prior to transplantation, the cells can be studied for degree of transfection by 
the virus , by known detection means and as described herein. 

25 ^ V ; The present invention furdier provides a method^of delivering a nucleic acid to a 
cell in a subject having neutralizing antibodies- to AAV2 comprising administering to 
the subject an AAV5 virion or particle comprising the nucleic acid, thereby delivering 
the nucleic acid to a cell in the subject. A subject that has neutralizing antibodies to 
AAV2 can readily be determined by any of several known means, such as contacting 

30 AAV2 protein(s) with an antibody-contaiiiing sample, such as blood, from a subject 
. and detecting an antigenrantibody reaction in the sample. Delivery of the AAV5 
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particle can be by either ex vivo or in vivo administration as herein described. Thus, a 
subject who might have an adverse immunogenic reaction to a vector administered in 
an AAV2 viral particle can have a desired nucleic acid delivered using an AAV5 
particle. This delivery system can be particularly useful for subjects who have received 
5 therapy utilizing AAV2 particles in the past and have developed antibodies to AAV2. 
An AAV5 regimen can now be substituted to deliver the desired nucleic acid. 

, In^y pf the, methods of delivering heter^^^ 
subject described herein, |the AAV5-conjugate4.nucleic acid or AAV5 particle- 
10 coiyugatednucleic acids described herein can be ^^^^ : ^ ■ 

In vivp, administration to a human subject or an animal model can be by any of 
many standard means for administering viruses,:Xiepending upon, the target organ, tissue 
or cell... Virus particles :Can be adn?ini«tered orally, parenterally {e.g., intravenously), by 
15 intrainuscular injectioi^i ^y direet.tifisue or organ ihjectionv '.by intraperitoneal injection, 
topically, transdermally, via aerosQl delivery^jvia the mucosa or tiie^like. Viral nucleic 
aq;ids (non:-encapsidated);Can also, be administered, e.g., as a complex with cationic ^ 
t liposomes, or encapsulated in anipmc: liposomes. The present compositions can include 
various amount^ of the selected viral particle or^non-encapsidated viral nucleic acid in 
20 combination with a pharmaceutieally : aqceptablexarrier and, in addition, if desired, may 
include other medicinal. agenrs;;phannaceutical. agents, carriers, adjuvants; diluents, etc. 
. Parental administration, if used, is generally 'characterized by injection, ' Injectables can 
be prepared in conventional* forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, or as emulsions. Dosages 
: 25 j will depend upon the rhode of administration, the disease or condition to be treated, and 

, the individual subject's condition^ but will be that dosage typical for and used in 
^ ; ; administration of other .AAV vectors, such as AAV2 vectors. Often a single dose can 
; be sufficient; however, the dose can be repeated if .desirable. . 

30 . - Administration methods can be used to ?treat brain disorders such as Parkinson's 
disease, Alzheimer's disease, and demyelination disease. Other diseases that can be 
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treated by these methods include metabolic disorders such as , muscoloskeletal 
diseases, cardiovascular disease, cancer, and autoimmune disorders. 

Administration of this recombinant AAV5 virion or particle to the cell can be 
5 accomplished by any means, including simply contacting the particle, optionally 
contained in a desired liquid such as tissue culture medium, or a buffered saline 
solution, with the cells. The virion can' be allowed to remain in contact with the cells 
for any desired length of time, and typically the virion is administered and allowed to 
remain indefinitely. For such vitro methods, the virion can be administered to the 
10 cell by standard viral transduction methods, as known in the art and as exemplified 

herein. Titers of virus to administer can vary, particularly depending upon the cell type, 
- but will be typical of that used for AAV transduction in general which is well known in 
the art. Additionally the titers used to transduce the particular cells in the present 
examples can be utilized. * ' - ^ ' ' " ' 

The cells that can be transduced by the present recombinant AAV5 virion or 
particle can include^ any desired cell, such as the following cells and cells derived from 
the following tissues, human as wblt as other mammalian tissues, such as primate, 
horse, sheep, goat,' pig, dog; rat, and mouse: Adipocyteis, Adenocyte, Adrenal cortex, 

20 Airway epithelial cells, Alveolar cells, Amnion, Aorta, Ascites, Astrocyte, Bladder; 
Bone, Bone marrow, Brain, Breast, Bronchus, Cardiac muscle, Cecum, Cerebellar, 
Cervix, Chorion, Colon, Conjunctiva, Connective tissue, Cornea, Ddrinis, Duodenum, 
^ Endometrium, Endothelium, Endothelial cells- Ependymal cells, Epithelial tissue. 
Epithelial cells,- Epidermis; Esophagus^ Eye, Fascia, Fibroblasts, Fdrisskin, Gastric, 

25- Glial cells,'Glioblast, Gonad, Hepatic cells, Histocyte, Ileum, Iritestirie^ small Intestine, 
Jejunum, Keratinocytes, Kidney, Larynx, Leukocytes, Lipocyte, Liver, Lung, Lymph 
node, Lymphoblast, Lymphocytes, Macrophages, Mammary alveolar nodule, Manmiary 
gland, Mastocyte, Maxilla, Melanocytes; Mesenchymal, Monocytes, Mouth, Myelin, 
Myoblasts Nervous tissue, Neuroblast, Neurons, Neuroglia, Osteoblasts, Osteogenic 

30 cells. Ovary, Palate, Pancreas, Papilloma, Peritoneum, Pituicytes, Pharynx, Placenta, 
Plasma cells. Pleura, Prostate, Rectum, Salivary gland, Skeletal muscle, Skin, Smooth 
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muscle, Somatic, Spinal cord. Spleen, Squamous, Stomach, Submandibular gland, 
Submaxillary gland, Synoviocytes, Testis, Thymus, Thyroid, Trabeculae, Trachea, 
Turbinate, Umbilical cord. Ureter, and Uterus. Thus, the particles and virions of the 
present invention can be used to deliver a nucleic acid to these cells. 
5 .................. ., . . 

More specifically, the present invention provides a method of delivering a 
nucleic acid to an ependymal cell, comprising administeriijg to the ependymal cell an 
AAVS particle qontaiiiing a vector comprising the nucleic ^cid inserted between a pair 
. °tA^y inverted terminal respeats, thereby 4eliyering the nucleic acid tp the ependymal 
10 cell., . . . . ... , ..... . . ~, „ . r:: 

- , Also provided by the present invention is a methpd of delivering a nucleic acid 
to a neuron, comprising administering to title neuron an AAVS, particle containing a 
vector comprising the nucleic acid inserted between a pair of AAV inverted terminal 
15 repeats, thereby delivering the nucleic acid to the neuron. 

Fprther provided by tiiis invention is a m^^ 
astrocyte, comprising .administering to .an asteocyte an AAVS particle containing a 
vector coi^prising the nucleic apid. inserted betjween a pair of i^LA.V., inverted teiminal 
20 repeats, thereby delivering the nucleic acid,to an astrocyte, , . .. , = 

. . , The p^sent invention also provides a method of deUveriiig a nucleic acid to an 
, airway epithelial cell, pomprising administering to an airway epithelial, cell an AAVS 
' ^^^?}^ containing a vectqr comprising the nucleic acid.inserted between a pair of AAV 
. ,, ?.5 . .^ inverted terminal repeats, thereby delivering Ae nucleic acid to the airway epithelial 

The present invention also provider 
, alveolar cell, comprising administering to an alveolar cell an AAV5 particle containing 
30 a vector comprising the nucleic acid inserted between a pair of AAV inverted terminal 
, . repeats, thereby deHvering the nucleic acid to the alveolar ceU^ . 
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The present invention also provides a method of delivering a nucleic acid. to a 
cerebellar cell, comprising administering' to a cerebellar cell an AAV5 particle 
containing a vector comprising the nucleic acid inserted between a pair of AAV 
inverted terminal repeats, thereby delivering the nucleic acid to the cerebellar cell. 

Also provided is a method of delivering a nucleic acid to an ependymal cell in 
subject comprising administering to the subject an AAV5 particle comprising the 
nucleic acid inserted between a pair of AAV inverted terminal repeats, thereby 
deliveiing the nucleic acid to an ependymal cell in the subject. 

Further provided is a method of delivering a nucleic acid to a neuron in a 
subject comprising administering to the subject an AAV5 particle comprising the 
nucleic acid inserted between a pair of AAV inverted terminal repeats, thereby 
deUvering the nucleic acid to a-iieuron in the subject. ' * 



15 . 



Also provided is a method of delivering a nucleic acid to aii astrocyte in a 
subject comprising adniinistering'to the subject an AAV5 particle comprising the 
nucleic acid inserted between a pair of AAV inverted tenninal repeats, thereby 
20 deUvering the nucleic acid'to an astrocyte in the s^^ ' . - 

' ' ■ Also provided is a method of delivering a nucleic acid to an alveolar cell in a 
subject comprising adrmrustering to the subject an^ A^ particle compiising the 
nucleic: acid inserted between a pair of AAV inverted terminal repeats, thereby 
25 delivering the nucleic acid to an alveolar cell in the subject. i . . , 

■ ' Also provided is a method of delivering a nucleic acid to a 'cerebellar cell in a 
subject comprising administering to the subject ah AAV5 paiticle comprising the 
nucleic acid inserted between a pair of AAV. inverted terminal repeats, thereby 
30 delivering the nucleic acid to a cerebellar ceU in the subject. 
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Further provided is a method of delivering a nucleic acid to an airway epithelial 
cell in a subject comprising administering to the subject an AAV5 particle comprising 
the nucleic acid inserted between a pair of AAV inverted terminal repeats, thereby 
delivering the nucleic acid to an airway epithelial cell in the subject. 

5 

The use of AAVS to deUver genes to the .airvi^ayiepithelia would be of benefit in 
genetic, (jiseasp? like cystic, fibrosis,: pseiadohypqaldosteronism^^^^^^ cilia 
^y^'^Pf^^- delivejang genQS^tpjthe air^yay,epithelia would be of impact in 
several non-genetic diseases,^ ; For example; delivering genes that make antibiotic like 

10 peptides would be useful to prevent or treat bronchitis; delivering genes that make ' 
gro\ylh factprs wpuld be of valuein commpn diseases like chronic bronchitis. Also, 
AAVS coujd be used . to deliver genes that may play a role in asthma,, Uke lUlO, or 
antibo^es tp Ig^ and interleukins. , The use. of , AAVS^to ,deliv;er.genes to the alveolar 
epithelia would be of benefitin^gei3ieti,Cidispases Jike;;dph9-lrant^ Furthermore, 

15 delivering genes to the alveolar epithelia would be of significance in several pulmonary, 
non-genetic diseases. For example, delivering surfactant protein to premature babies or 
patients .widi ARDS; delivering genes that make antibiotic like peptides would be 
useful to prevent or treatpneiin^pnia ^e^^ 

delivering genes that m^e growtti\factoi^ywould be of value in emphysema;, delivering 
20 genes that over-expresS;.the epittielial sodium channel or the Na-K ATPase could be 
used to treat cardiogenic and non-cardiogenic pulmonary edema; delivering genes that 
^^M?;^h Miti-fibrosis effect like interferon for pulmonary fibrosis would also be useful. 
AlsOjiAAVS could be usjBd to deliver genes that may hay^ 

hyjJertension drugs, insulin, coagulation factors^ ^antibiotics, growth factoJs,:honnones 
25 andothers. , . . . ,. ■ ., 

. The present invention provides recpmbinant vectors based on AAVS. Such 
vectors niay be useful for transducing erythroid progenitor cells or cells lacking heparin 
sulfate proteoglycans which is very inefficient with,AAY2 based vectors. Hiese 
30 vectors may also be usefiil for, transducing cells with a nucleic acid of interest 'in order 
to produce cell lines that could be used to screen for agents that interact with the gene 
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15 



product of the nucleic acid of interest. In addition to transduction of other cell types, 
transduction of erythroid cells would be useful for the treatment of cancer and genetic 

diseases which can be corrected by bone marrow transplants using matched donors. 
Some examples of this type of treatment include, but are not limited to, the introduction 
of a therapeutic gene such as genes encoding interferons, interleukins, tumor necrosis 
factors, adenosine deaminase, cellular growth factors such as lymphokihes, blood 
coagulation factors such as factor Vm and IX, cholesterol metabolism uptake and 
transport protein such as EpoE and LDL receptor, and antisense sequences to inhibit 
viral replication of, for example, hepatitis or HTV. - - ^ 

The present invention provides a vector comprising the AAV5 virus as well as 
AAV5 viral particles, mile AAV5 is similar to AAV2, the two viruses are found 
herein to be physically and genetically distinct. These differences endow AAV5 with 
some unique advantages which better suit it as a vector for gene therapy. 



' ' * Furthermore, as shown herein, AAV5 capsid protein is distinct from AAV2 

capsid protein and exhibits different tissue tropism, ^AAV2 and AAV5 likely utilize 
distinct cellular receptors; • AAV2 and AAVS ace serologically distinct and thus, in a 
gene therapy application, AA V5 would- allow for transduction of a patient who already 
20 possess neutralizing antibodies to AAV2 either as a result of natural iimnunological 
defense or from prior exposure to i\AV2 vectors. * ^ ^ ' ' ^ 

- . . • The present invention is more particularly described in the following examples 

which are intended as illustrative only isince numerous modification^ and variations 
25 therein will be apparent to those skilled in the art; 

' - ■ ' ■ -EXAMPLEI ■ ■ 

To understand the nature of AAV5 virus and to determine its usefulness as a 
30 vector for gene transfer, it was cloned and sequenced. 
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Cell culture and virus propagation 

Cos and Hel^ ceUs were maintained as monolayer cultures in DIO medium 
(Pulbecco's modified Eagle's mediuni containing 10% fetal calf serum, 100 (ig/ml 
penicillin, 100 units/ml streptomycin and IX Fungizone as recommended by the 
5 manufacturer; (GIBCO, Gaithersburg, MD, USA) . AU.other cell types were grown 
. under standard conditions wMch have been previously reported. . : . 

:r yifus was produce^ as previously described for AA 

galactosidase vector plasmid apd a hplpjer plasmid containing the AAV5 Rep and Cap 

10 genes (9). The helper plasmid was constructed in such a way to minimize any 

homologous sequence between the helper and vector plasmids; This step was taken to 
minimize.the potential for wild-type (wt); particle formation by homologous- 
recombination. ., ^ ., . ... .. 

15 DNA Cloning and Sequencing and Analysis 
^ ^ order to.elone^tj^g^ 

. adherent, cos cells andxthe^ suspension HeLa cells with the resulting viral particles * 
. . isolated by CsClisopymc gradient <^ntr^ DNA dot blots of Aliquots of the 

, J gradient fractions indicated that ti^eihigjiest concentration of viral genomes,:were 

-2p contmned. in fractions with a jefraptive^ndex of approx. . 1.372. While the initial 
description of the virus did not determine the, density of, tfie particlesi, this value is 
similar to that of AAV2. Analysis of annealed virion derived DNA obtained from these 

' ; ; . fractions indicated a niajor species of 4.6 kb in length which upon restriction analysis 
similar in size to those-previously reported.. Ad^tional restriction mapping 

25 indicated a unique BssHU site at one end of the viral genome.- sThis. site was used to 
clone the major fragment of the viral genome. Additional overlapping clones were 
isolated and flie sequence determined. ^Two distinct open reading frames (ORF) were 
identified. Computer analysis indicated that the left-hand ORF is approx 60% similar 
to tiiat.of the Rep gene of AAV2. Of the 4 other reported AAV serotypes, all have 

30 greater than 90% similarity in tiiis ORF. The right ORF of the viral capsid proteins is 
also approximately 60% homologous to the Capsid ORF of AAV2. As with otiier 
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AAV serotypes reported, the divergence between AAV5 and AAV2 is clustered in 
multiple blocks. By using the published three dimensional structure of the canine 
parvovirus and computer aided sequence comparisons, a number of these divergent 
regions have been shown to be on the exterior of the virus and thus suggest an altered 
5 tissue tropism. 



Within the p5 promoter, a number of the core transcriptional elements are 
conserved such as the tataa box and YYl site around the transcriptional start site. 
However the YYl site at -60 and the upstream E-Box elements are not detectable 
1 0 suggesting an alternative method of regulation or activation." = 

The inverted tenrdnal repeats (TTRsy of the virus were cloned as a fragment 
from the right end of the genome. The ircsulting fragment was found to contain a 
number of sequence changes compared to AAV2. However," these changes were found 
15 . to be complementarj' and did not affect the ability of this region to fold into a hairpin 
; structure. Within the stem region of tiie haiipiii- two sequence elements have been 
found to be critical for the function of the ITRs as origins of viral replication. A repeat 
motif of GAGC/T which serves as the recognition site of Rep and a GGTTGAG 
sequence downstream of the Rep binding site which is the position of Rep's site and 
20 strand specific cleavage reaction. This sequence is hot conserved between AA V5 and 
the other cloned AAY's suggesting that the ITRs and Rep- proteins of AAVS' cannot 
, -complinientthe other known AAV's.' - ; • ' ' 

To test the cross complementarity of /iAV2 TTR containing genome and AAV5 
25 ITR containing genomes recombinant particles were packaged either using type 2 Rep 
and Cap or type S-Rep and Cap expression plasmids as previously described. As shown 
in Fig. 2, viral particles were produced only when the respective expression plasmids 
were used to package the cognate ITRs. This result is distinct from that of other 
serotypes of AAV which have shown cross complementary in packaging. 
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This specificity of AAV5 Rep for AAV5 ITRs was confirmed using a terminal 
resolution assay which can identify the site within one ITR cleaved by the Rep protein. 
, Incubation of the Type 5 Rep protein with a type 2 TTR did not produce any cleavage 
products. In contrast, addition of type 2 Rep cleaved the DNA at the expected site. 
5 However AAV5 Rep did produce cleavage products when incubated with a type 5 TTR. 
The site mapped to a region 21 bases from the Rep binding motif that is similar to 
AAy2 TRS. The site in AAV2:is CGGJ TGAG (SEQ ED NO: 22) cbut in type 5 ITR is 
CGGT GXQA (SEQ ID NO: 21,). of AAYS Rep to cleave at a different but 

^ similarly positioned site jpay result in integration of AAVS at a distinct chromosomal 
10 locus compared to AAV2,,- : ; r.^;, ^ ^ -f^.; y-^ 

Recombinant vjras produced usm^ 
Sreatpr titei: th^ type 2. .For example, in aicomparative study, vims was isolated from 
.8^10^ C|OS ceU^ by CsGVbanding mid, tfee distributipn; of jthe Beta galactosidase 
15 „ genonies^a^CTOfis^^ecg^^ were iJeJjerminedbyrW of gradient^ 

fraction^. PNA dot blot^titers) ij;i(Jic;atedithat AA¥5 particles were produced^ at a 10-50 , , 
fold highpr level than AAy2.o. ; v: f .n^ .r* ; f lu ■ 

. • v ^ ,V; . , = r i? - l ■■■ \ ■ ' ' • • - 

The sequence divergency i^i, the capsid protein ORF implies that the tissue 
20 , tropi^m of AAy2^and AAV5,would differrTo^study the; transduction efficiency of 
^ . „ . AAV5 :and,AAV2, a variety of x;elllijies. v^ere teansduced with serial dilution's of the 
purified vims expressing the gene for nuclear localized Beta galactosidase activity. 
Approx. 2X10"^ cells were exposed to virus in 1 ml of serum containing media for a 
period of 48-60- hrs. After ^this time tJieiceUswere^^fi^^ 
25 Beta-galactosidase activity with 5-Bromo-4-chloro- S-indolyl-b-D- galactopyranoside 
s (Xgal) (ICN Biochemicals). Biological titers were determined by counting the number 
of positive cells in the dlifferent dilutions using a calibrated, microscope ocular then 
multiplying by the area of the well. Titers were determined by the average number of 
cells in a nunimum of 10 fields/well. Transduction of cos, HeLa, and 293, and ffi3 
30 cells with a similar number of particles showed approximately 10 fold decrease in titer 
with AAV5 compared with AAV2. In contrast MCF7 cells showed a 50-100 fold 
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difference in transduction efficiency. Furthermore, both vectors transduced NIH 3T3 
cells relatively poorly. 

A recent publication reported that heparin proteoglycans on the surface of cells 
5 are involved in viral transduction. Addition of soluble heparin has been shown to 
inhibit transduction by blocking viral binding. Since the transduction data suggested a 
difference in tissue tropism for AAV5 and AAV2, the sensitivity of AAV5 transduction 
to heparin was determined. At all MOI of 100, the addition of 20|ag/ml of heparin had 
no effect on AAV5 transduction. In contrast tliis amount of heparin inhibited 90% of 
10 the AAV2 transduction. Even at an MOIof 1000, no inhibition of AAV5 transduction 
was detected. These data support tlie conclusions of the tissue tropism study, i.e. that 
AAV2 and AAV5 may utiUze a distinct cell surface molecules ahd therefore the 
mechanism of uptake may differ as well. 

15 AAV5 is a distinct virus within the dependovirus family based on sequence 

analysis, tissue tropism, and sensitivity to heparin. While elements of the P5 promoter 
are retained between AAV2-6 some elements are absent iii AAV5 suggesting 
alternative mechanism of regulation: The TTR aitid Rep ORF are distinct from those 
previously identified and fail t;o cbmplement the packaging of AAV2 based genomes. 

20 The ITR of AAV5 contains a different TRS compared to other serotypes of AAV which 
is responsible for the lack of complementation of the ITRs. * This unique TRS should 
alsd result in a different integration locus for AAV5 compared to that of AAV2. 
' Fuitheimore the production of recondbiiiant AAV5 paiticles using standard packaging 
systems is approx. 10-50 fold better thaii AAV2. The majority of the differences in the 

25 capsid proteinii'lies in regions which have been proposed to be on the exterior of the 
surface of the parvovirus. These changes are most likely responsible for the lack of 
cross reactive antibodies and altered tissue tropism compared to AAV2. 

Frohoi the Rep ORF of AAV2, 4 proteins are produced; The p5 promoter (SEQ 
30 ID NO: 18) produces rep 68 (a spliced site mutant) and rep78 and the pl9 promoter 
(SEQ ID NO: 16) produces rep 40 (a splibed site mutant) and rep 52. While these 
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regions are not well conserved within the Rep ORF of AAV5 some splice acceptor md 
donor sites exist in approximately the same region as the AAV2 sites. These sites can 
be identified using stand^d computer analysis programs such as signal in the PCGENE 
, program. Therefore the sequences of the Rep proteins can be routinely identified as in 
5 other AAV serotypes. 

Hemagglutination assay . a v . ; , , , . 

Hemagglutination activity was measured essentially, as described previously 
(CWoii^ii et Al 1997 J,,VifoL Vpl 71 ^6823-6833) Bripfly 2 fold serial dilutions of virus 
10 in EDTA-bufferpd isaline \yerei jpixed;^ an equal volume of 0.4% i"ed blood cells in 
plastic U^bipttom 96 welLplates. The reaction was complete after a 2-h incubation at 
8°C.. Addition of purified AAV5. to a hemagglutinatioa assay resulted in 
hemagglutination activity. jr.,. . , . . , . 



Transduction of <Lirway epU^ - . . ^ : , 

Primary airway epithilid cplls were culturied and.plated as previously described 
(Fasbender et al. J. CUn.Iayest, 19§,8 Jiil 1; 102 (1): il,84r93 V Cells were transducted 
. 20 , with an equiyalent number.of ?AAy2 or fAAYS particles containing a'nuclear localized 
. .. .P^gal trans^ene with 5(0 particles of . virus/cell (MOI 50) and continued in culture for 10 
daysi, P-g^ activity was determined-followingj the procedure pf (Chiorini et al. 1995 
. , - HGT Vol: 6 1531-154^.an4^therelatiyeftrmsd^^ As shown 

. in Figjore 7, AAy5 transduced, these cells^5 This is 

25 thq first tinpie apical cells or cells.exposed to the air have beon.shpvra to be infected by a 
gene therapy agent . . . . 

Transduction of striated muscle 

Chicken myoblasts were cultured andplated as previously described (Rhodes*& 
30 Yamada 1995 NAR Vol 23 (12) 2305-13). Cells were aUowed to fuse and then . 

transduced with a siinilar nimiber of particles of rAAV2 or rAAV5 containing a nuclear 
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localized p-gal transgene as previously described above after 5 days in culture. The 
cells were stained for p-gal activity following the procedure of (Chiorini et al. 1995 
HGT Vol: 6 1531-1541) and the relative transduction efficiency compared. As shown 
in Figure 8, AAV5 transduced these cells approximately 16 fold more efficiently than 
5 AAV2. 

Transduction of rat brain explants 

Primary neonatal rat brain explants were prepared as previously described 
(Scortegagna et al. Neurotoxicology. 1997; 18 (2): 331-9). After 7 days in culture, 
10 cells were transduced with a sirnilar number of particles of tAAV5 containing a 

nuclear localized P-gal transgene as previously described. After 5 days in culture, the 
cells were stained for p-'gal activity following the procedure of (Chiorini et al. 1995 
HGT Vol: 6 1531-1541). As shown in Fijgure 9, trahsductioii was detected in a variety 
' of cell types including astrocytes, neuronal cells and glial cells. ■ ' 
is - -'"^ * " ' - - ^ 

' Tmhsduction of human umbilical 

Human uitnbilical vein endothelial cells were cultured and plated as previously 
described (Gnantenko et al. J InV^lig Med. 1997 Feb; 45(2): 87-98). Cells were 
transduced with rAAV2 or rAAV5 containing a nuclear localized p-gal transgene with 

20 10 particles of virus/ cell (MOI 5) in minimal media then returned to coniplete niedia. 
After 24 hrs in culture the cells were stained for P-gal activity following the procedure 
of Chiorini et al. (1995 HGT Vol: 6 1531-1541), and the relative transduction 
efficiency compared. As shown in Figure 10, AAV5 transduced these cell 5-10 fold 
more efficiently than AAV2. 

25 • ' • - ' ' - 

TrdnsducHon of human urnbilical vein endotheiial cells ' 

Human umbilical vein endotheUal cells were cultured arid plated as previously 
described (Gnantenko et al. J Investig Med, 1997 Feb; 45(2): 87-98). Cells were 
transduced with rAAV2 or rAAV5 containing a nuclear localized p-gal'transgene with 
30 10 particles of virus/ cell (MOI 5) in minimal media then fetumed to complete media. 
After 24' hrs in culture the cells were stained for p-gal activity following the procedure 
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of Chiorini et al. (1995 HGT Vol: 6 153 1-1541), and the relative transduction 
efficiency compared. As shown in Figure 10, AAV5 transduced these cell 5-10 fold 
more efficiently than AAV2. 

5 EXAMPLE m 

Vector Production ■ . - 

Recombinant adeno-associated viral vectors based, on AAV2, AAV4, or AAV5 
were prepared .using high efficiency electroporation and adenovirus infection as 

10 described previously (9). AH .three vectors contained a nucleus-targeted^£. coli B- 
, galactosidase gene with, expression driven off the Rous sarcoma virus LTR promoter 
(RSV). The expression cassette \yaS|flaiiked by AAV2 ITR sequences for rAAV26gal 
particles and rAAV46gal particles. The expression cassette was flanked by AAV5 
ITR's for rAAV5Bgal. particles. . The number of recombinant particles -were quantified * 

15 by Southern dot blot, and the biological activity was tested by X-Gal histochemical 
staining in a serial dilution on Cos ceUs. The vkal titers ranged b^^ 10^^ to 3 x 

10^^. particles/ml and the ratio of transducing to total particles was similar to that 
described previously for each of the types (9,10,45). The recqmbinmt yjxuses used 
were screened f or wildrtype AAV .contamination by PGR, and for wild-type adenovirus 

20 by a serial dilution assay using an EITC-hexon antibody (less than. 10^ replication 
competent adenoviruses/ml) (46). 

, Injections ^ . ^ - , - . 

Six to 8 week old adult male C57BL/6 mice were purchased from Jackson Labs 
25 (Bar Harbor, ME) and housed at the University of Iowa Animal Care facility. All 
animal procedures weire approved by the University of Io^ya Animal Care and Use 
Committee. Virioninjections were performed as previously described (24). Briefly, 
mice were anaesthetized and virions were ster^otactically injected into either the right 
lateral ventricle or the right striatum, using a 26 gauge Hamilton syringe driven by a 
30 microinjector (Micro 1, World Precision Instruments, Sarasota, FL) at 0.5 pi per 

minute. For ventricular injections, 10 |il volumes were injected at coordinates 0.4 mm 
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rostral and 1.0 mm lateral to bregma, and at a 2 mm depth. For striatal injections, 5 \A 
volumes were injected at coordinates 0.4* mm rostral and 2 mm lateral to bregma, and at 
a 3 nam depth. The doses of virion injected into the striatum, given as particle doses, 
were as follows: rAAV26gal, 4 x 10^ (n = 5); rAAV4Bgal, 2 x 10' (n = 4) or 8 x 10' (n 
5 = 3); rAAVSBgal, 1.5 x 10^^ (n= 6) or 3 x 10^° (n = 2). For injections into the ventricle 
the doses were as follows: rAAV2Bgal, 1 x 10' (n = 3) or 2 x lO' (n = 2); rAAV4Bgal, 4 
X 10' (n = 8); rAAVSBgal, 3 x 10^° (n = 4). A minimum of two independent 
experiments was done for each virion and injection site. - • * • ^ 

10 Histochemistry . . ^ - . . 

Three or 15 weeks after injection groups of mice were perfused with 2% 
paraformaldehyde, the brains were removed and processed as previously described 
(47). 10 |im thick coronal sections were cut at 100' pin intervals and X-Gal 
histochemical staining performed to identify B-galactosidase expressing cells (48). For 
' ' 15 each mouse, the ndmber of B-galactosidase-positive cells in fever}' fourth section, 
' ' ' s'pknning 1.3 mm of tissue rostral and 1 .3 mm caudal^ to tlie injection site^ were counted 
and summed. These sums allow quantitative cornpariscns among the three vectors, 
altliough they do not reflect the total number of transduced cells in vivo. 

20 Immunofluorescent Staining 

Ten micrometer coronal cryosections of brains harvested 15 weeks after 
intrastriatal injection 'of rAAVSBgal were dual stained for B'-gaiactosidase and either 
neuronal or astrocytic maikers. The.priniar}' antibodies used were as follows: rabbit 
IgG specific for E. Coli B-galactosidase (BioE^esign Iiitematiohal, SacoMN); mouse 

25 monoclonal IgG specific for NeuN (Chemicoh International, Inc., Temecula, CA), 
which strongly stains neuronal cell nuclei with lighter staining of the cytoplasm; and a 
Cy5 conjugated mouse monoclonal specific for glial fibrillary acidic protein (GFAP) 
(Sigma Immunocytochemicals, St. Louis, MO), an intermediate filament of astrocytes. 
Secondary antibodies used were ALEXA 488 goat anti-rabbit IgG (Molecular Probes, 

30 Eugene, OR) and'lissamine-rhodamine goat anti-mouse IgG (Jackson ImmunoResearch 
Laboratories, West Grove, PA): Sections were blocked for 2h at room temperature in 
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phoshate-buffered saline (PBS) with 3% bovine serum albumin, 10% normal goat 
serum and 0.1% Triton X-IOO. Sections were incubated overnight with primary 
antibodies diluted in PBS with 3% bovine serum albumin and 0.1% Triton X-100 at 
4°C, then washed and incubated with secondary antibodies in PBS with 1% normal 
5 goat serum and 0.1% Triton X-100 for 2 h at room temperture. Confocal laser 

: . microscopy was performed using 63X and 40X oil-immersion objectives on a Zeiss 
. LSM 510 and associated softwaire. Z-series images (0.3 tp LO |im wide slices) were 
captured and analyzed for .cellular co^localization of antigens. Colocalization of 
galactosidase and either NeuN or GFAP is represented in 2-color merged images from 

10 single slices within the series. 

StatisticalAnalysis n : j 

: ' The data was analyzed -using^a three-way analysis of variance with the three 
f : factors consisting of rAAVBgal^, t^fpe, ;injection location, , and time interval following 
15 : virion injectiqn.: Aclpg.txansformati^ the.data to.nprmalize the^data 

; distributioii and reduce- hetera^ Bonferrom's.method was 

applied to.each set of .comparisons, to adjust for the number of mice injepted and to the 
p-values for each set of comparisons. rA^^Bpnferconi, adjusted p-value < 0,05 was 
considered statistically significant. 
20 , . . 

:Quqntification pf Trqnsdueed . - .^ . . , r . - 

, The efficiency, of trapsductipji of xAAYZ, rAAy4 and rAAV 5 in the brain using 
. recombinant virion expressmg , the B:^gala^^ reporter gene under pontrol of the 
> : ' RSy promoter. (rAAy26gal,.rAAy4figal mid rAAVS^gal, respectively) was evaluated. 
25 . f. Groups of mice received either' .10 pi of vector i^ the right lateral yenjricle, or 5 [jI of 

vector into the right striatum, at the particle doses ^tated above. Three or 15 weeks later 
: . — the brains were harvested and transgene positiv>e cells in cryosections spanning 2.6 mm 
rostral-caudal were quantified (Figure 11). 

30 Three weeks after intrayentricular injection, the: number of rAAV4Bgal- 

. , ' transduced cells was approximately 100- and 10-fold greater than for rAAV2Bgal and 
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rAAV5figal, respectively. rAAV2figal yielded the poorest results, with the rare positive 
cell observed. After 15 weeks the number of rAAV5Bgal-transduced cells was 
increased compared to the 3 week time point, reaching numbers similar to that of 
rAAV4Bgal. This increase in rAAVSBgal expression nearly reached statistical 
5 significance (p=0.055). The number of transduced cells also tended to increase from 3 
to 15 weeks for rAAV2Bgal, but remained significantly lower than for the rAAV4- and 
rAAV5Bgal vectors (p=0.007 and 0.019 respectively). 

After striatal injections, strikingly greater numbers of traiisgene-expressing cells 
1 0 were detected after injection of rAAV5B*gal compared to both r AAV2Bgal and 
rAAV46gal (for both, p<0.0001). In turn, rAAV4Bgal transduced more cells than 
rAAV2Bgal by 15 weeks (p-0.001). Comparison of the 3 and 15 week timepoints 
' showed complete' loss of rAAV2Bgal-mediated transgene expression, but stable 
expression after rAA V4Bgal injection. In contrast, there was a trend toward increased 
15 numbers of ■B-galactosidase"ex^)ressmg cells from 3 to' 15 weeks following rAAVSBgal 
iiyectionis, ' ' u , . / . -vv 

Regional Distribution of Transduced Cells 

To analyze potential regional tropisms, B-galactosidase-positive cells were 

20 Categorized into ependyma/choroid, striatum, or other (septal area, corpus callosum, 
neocortex, and fornix) regions.' Figure 12 illustrates the distribution' of transduced cells 
for -each virion after intraventricular or iiitrastriatal injections. Fbllov/ing' 
intraventricular ihjecdous, transgene expressing cells v/ere localized predonoinantly to 
' the dpendyma for all rAAVBgal types at both 3 and 15 weeks (Figure 12A). Striatal 

25 injections yielded several interesting results' (Figure 125). Firsts rAAV2- and - 

rAAVSBgal virions mediated^transduction in multiple regions.' Second, this data again 
demonstrates the global loss inTAAV2Bgal-transduced cells in all cerebral regions from 
3 to 15 week's. ' * ' . : - 

30 The patterns of transduction observed after striatal injections of the three virions 

are illustrated in Figure 13, which shows representative images of X-gal-stained 
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sections. Few blue-stained nuclei were evident in the striatum of rAAV2Bgal -injected 
mice (injected dose = 4 x 10^ particles), and only at the 3 week time point (Figure 13A 
and B), while rAAV46gal (injected dose = 4 x 10^ particles) selectively transduced the 
ependyma (Figure ISC). rAAV56gal injections (1 .5 x 10^° particles) resulted in 
5 . diffuse transduction in multiple cerebral regions, including the striatum (Figure 13D 
and E), septal region (Figure 13jD) and neocortex (Figure 13F), Altiipugh die particle 
dose for rAAVSBgal was only. r4 fold greater, the relative spread of cells teansducedby 
rAAVSBgal was extensive; fi-galactosidase-expressing cells were detected 4.0 mm in 
the rostral-caudal, 3.5 nmci dprsal- ventral, .and 3 .2. nmi laterally, to encompass much of 
10 the injected heiiusphere and pprtions^^^^^^^ 

Chameterization of rAAVSfigiod^ 

:j Previous studies have characterized the cell types transduced after parenchymal 
^ injection of rA/^y26g^ wder^ control .the C^JMV inune^ate e^ly. enhancer/promoter 
15^ . .(CMYp) tO;]^^ ansgjene;^xpressing , 

astrocyte (20,49,51). To determine which cell types were transduced by rAAVSfigal 
representative sections of brains harvested 15 weeks after intrastriatal injection were 
immunofluorescenfly stained . CQnf9cal,inic;pscopy ,was perfonned to assess co- 
. localization of BrgalactoslcJase and^epresent^^ markers. Sections were dual stained 
20. i for Brgdactosidase and ei&er In 
the striatuna^ ma^y -transgenp-exjpr^^^^ 

substantial neuronal cell transduction (Figure 14A). .Transduced: astrocytes were also 
:/ : evident in the striatum, with GFAP-positiye cell processes envelopmg BTgalactosidase- 

positive nuclei (Figure 14B). Analyses of cells transducedin regions outside tiie 
25:.: .stiiatum reyeaied that transgene-expressing cells in the cortex were.also a^mix of 
. .,; . neurons and astrocytes, while thqse in the septal area were predominantly neurons 
i . . , (Figure 14C). In addition, although rAAV56gal-transduced. cells were noticeably more 

concentrated in gray matter areas, a minor proportion of transgene-positive nuclei were 

evident in the corpus callosum, sometimes far-removed from the injection site. In these 
.30' instances, GFAP immunoreactivity.identified tiiese cells.as astrpcytes (Figure 14D). 
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In this study, CNS cell transduction with rAAV2, rAAV4 and rAAV5 virions 
carrying an RS V-6-galactosidase expression cassette after intracerebral injections into 
the lateral ventricle or the striatum was assessed. After intraventricular injections, all 
three virions transduced primarily ependymal cells. Results with rAAV26gal were 

5 similar to prior reports showing that transduced cells were few, and restricted to the 
ependyma/choroid plexus (49,50). Ependymal cell transduction was more impressive 
with rAAV4- and rAAVSfigal vectors. Since the rAAV2Bgal and rAAV4Bgal particles 
contain identical DN A sequences, differences in'transduction efficiencies between these 
two vectors must be attributed to variations in their capsids. This impUes that the 

Id rAAV4 capsid mediates more efficient entry into ependymal cells than rAAV2. 

rAAV5 capsid is also distinct and nriay likewise target ependyma more efficiently than 
rAAV2. Differences in tlie ITR region of rAAV5figal may additionally influence 
expression. Interestingly, for rAAVSBgal, the number of B-gaiactosidase-positive 
ependymal cells increased significantly after 3 weeks,' reaching levels similar to 

15 rAAV4Bgal at 15 weeks. - ' : - 

Following intrastriatal injections, distinct regional pattems of transduction for 
' all three virions were observed. With rAAV4Bgai^ numerous positive cells lined the 
ventiicles; with very few triansgene-expressing cells in the parenchyma. In contrast, 
20 rAAV26gal and rAAVSBgal vectors transduced predominantly parenchymal cells, and 
unlike rAAV2Bgal (20,49,5 l),'rAAVS6'gal transduced a significant proportion of 
astrocytes- as well as neurons. Moreover, rAAV56'gal transduced a greater number of 
cells, over a larger volunie of tissue compared to rAAV2figal. < 

25 When compared to AAV2, heterogeneities in the capsid-encoding regions, 

heparin-insensitive transduction, and differential abilities to transduce cell lines in vitro 
together strongly implicate different receptor requirements for cell entry by AAV5 
(10,45,56). The enhanced parenchymal cell transduction observed for rAAV5Bgal 
compared to rAAV26gal, as well as the diffuse and widespread pattern of transduction 

30 mediated by rAAV56gal may similarly reflect: distinct receptor requirements. In the rat 
brain, rAAV26gal particles have been shown to preferentially bind neurons, but not 
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glial cells, within minutes of injection, and be transported within 30 minutes to . 
neuronal cell nuclei (57). Considering that neuronal subtypes in adult rodent brain 
express integral membrane heparan sulfate proteoglycans such as syndecans (58,59) 
and glypican-1 (60), it is conceivable that AAV2 binds strongly to and enters neurons 
5 surrounding the injection site. Moreover AAV2 particles may become sequestered in 
extracellular HSPG in a way that limits vector diffusion and reduces transduction 
efficiency. An ability of rAAy5figal, to travel in a Jess restricted fashion may explain 
these observations of .widpspi3ead.transjductiop in cpm^arison to rAAV26gal. 

10 Following intra^tri^^ 

consistent with pbfieryations . of o In contrast, 

transgeneiexpressioni after rAAVSBgal injection was. stable over the time-course of our 
study. rAAV5 couW target .to, cell subsets better able to sustain RSVp-driven 
transcription,|9r there^Qp^^ Jje positiye^^influ^nce^ of the AAV5 ITjElS on either genome 

15 stability or RSV promoter activity. ^ L.. . ' * 

; ; : These expenjiientsrexplgred ti^^^^ rAAy5 as a vector for gene transfer to 
' theCNS. rAAV56gal]transduced,l2u:ge^n^ . 
= : ^ both neutonal and glialrtypes.-Mpr^ importa^ rAAy5Bgal exhibited an extensive 
20 ' transduction volume. ; Vector diffusion is an extremely valuable feature for gene 
therapy of CNS: diseases e?diibiting widespread pathology, such as the 
neurodegenerative, aspect of the lysosomal storage diseases. This characteristic coupled 
to persistent expressioncouldjeduce the need/or rtuiltiple injection sites and repeat 
injections, and their obvious associated risks. 

-v ' ^ . . r -r EXAMPLEIV.. ■ 

Human airway epithelia - = : 

: Airway epithelial cells were obtained from surgical polypectomies of non-CF 
30 patients or from trachea and bronchi of Ivings removed for organ donation. Cells were 
isolated by enzyme digestion as previously described (67). Freshly isolated cells were 
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seeded at a density of 5x10^ cells/cm^ onto collagen-coated, 0.6 cm^ diameter Millicell 
polycarbonate filters (Millipore Corp., Bedford, MA). The cells were maintained at 37 
in a humidified atmosphere of 7% CO2 and air. Twenty-four hours after plating, the 
mucosal media was removed and the cells were allowed to grow at the air-liquid 
5 interface (68, 69). The culture medium consisted of a 1:1 mix of DMEM/Ham's F12, 
5% Ultroser G (Biosepra SA, Cedex, France), 100 U/ml penicillin, 100 \xg/ ml 
streptomycin, 1% nonessential amino acids^ and 0.12 U/ml insulin. Airway epithelia 
were allowed to reach confluence and develop a transepithelial electrical resistance 
(Pvt), indicating the development of tight junctions and an intact banier; Epithelia were 
10 allowed to differentiate by culturing f or at least 14 days after seeding and the presence 
of a ciliated surface was tested by scanning electron microscopy (70). 

Recombinant adeno-associated viruses 

Recombinant AAV vectors expressing fi-galactosidase, AAV2/BGal, 

lis AAV4/6Gai','AAV5/BGai,'were-prep^^ electroporation and 

packaging initiated by 'adenovii-us infecitibn and characterized as described previously 
(45). Briefly, lAAV particles were produced by'dectr-oporating 1X10^ exponentially 
growing Cos cells with 400 ug of a 1 : 1 mixtme of pAAV2RnLacZ and pSV40oriAAV2 
for production of AAV2, pAAV2RnLacZ and pSV40oriAAV4 for AAV4, or 

20 pAAVSRnLacZ and pSV40onAAV5 for AAV5 in IXRPMt (2:5 ml of 2X RPMI, 1 ml 
PCS, 1 .5 mi H2O, and 50 ul of llvl Hepes pH 7.4) arid incubated on ice for 10 min prior 
to electroporation. Electroporation was performed in a 4 mm gap cuvette (BioRad 
Richmond CA) containing 0.5 mis of the cell DNA mixture using a BTX 600 
elbctrbporator. Conditions used for electroporation were 300 Volt, 2100 pF, 48 ohms, 

25 Following electroporation the cells were incubated^on ice for 10 min then plated into 
ten 15 cm dishes. The following day the medium was replaced and the cells allowed to 
recover. Approximately 30-50% of the cells which were initially electroporated 
reattached to the plates and 90% of these cells show strong expression of the 6-gal 
reporter gene. Two days latter, the plates were infected with approximately 5 X 10^ 

30 PFU (MOI of 10) of wild-type adenovirus type 5 for 1 h. in seirum free media and then 
supplemented with DIO media. Seventy-two hours post infection the cells were 
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harvested by scraping and the virus and the cells pelleted by low speed centrifugation. 
The pellet is resuspended in V.S.ml of TD buffer for every 10 plates (TD = 140 mM 
NaCl, 5 mM KCl, 0.7 mM K2HPO4, 25 mM Tris/HCl, pH 7.4). Trypsin (0.5 volumes 
of 0.25%) and sodium deoxycholate (0.5 volumes of 10%) are added to the suspension, 

5 gently mixed and incubated at 37 °C for 30 min. The lysate is then homogenized 
thoroughly (approximately 20 strokes in a Wheaton B homogenizer).. CsCl is next 
added to a final density l A g/om\ and.the hpmogenate is ^distributed into two 
. polyallpmer tubes and centnfogedin.a SWO.^l swinging bucket rotor at 38,00ORPM 
for 65 hr at 20 ?C.- The pe^lU at the topKOf.the. gradient is removed .using a pasture 

10. pipette ^dthq gradients;fractionated by side, puncture. Fractions with; a refractive index 
of 1.373rl.371 were pooled for AAV2^d;AAV5 and 1.378Tl,376;for AAV4, and 
centrifiiged again using an SW50.1 rotor, and fractionated as described above. 
Refractive indices were determined .u^ing a Zeiss/efractometer. 

15 , . , iReconxbina^^^^^^^ 

rir serial dilution on:GQS-7 cqUs tested tiiid^ .^^^Y^tY: I'l^P XiBJ:titers ranged 

between 4 x. 10,^?^,and ;8 j^l^-^^ , The particle to. transdugtion-unit ratio on 

^ these cells was similar.to that previously reported for all, 3 viruses on Cos cells (about 
' i W to 1). ; The recombiiiant viruses usj^ jvei;e, screened for wildrtype. AAV 
.20' cpntjamination by PCR,.and for,wil4-tXRP adenoyiru? by a^serial dilution assay using a 
,^ ; HXCrhexpn , antibody (less, than lO^. r^^ 

: ] )Viral infection and, b^^ /^^^ ^ i ^ - . > 

- ■ ; • i f; • pive hundred virions of the recombinant AAy /per cell (in phosphate-buffered 
. :25 ' saline) were added to the apical surface. Following the incQca^^ time, the 

. viral suspension was .removed and the epithelia were rinsed twice wi^ PBS . After 
^ . : infegtion, the epithelia. were incubated at 37 "C for an additional fourteen days. 

To assess binding to airway epithelia, the epithelia were incubated for 30 min at 
. 30 4 ''C with 500 virions/ceU of AAV2/6.Gal,, AAV4/fiGal or AAV5/BGal. The epitheUa 
■ were then rinsed, and cell-associated AAV. viral DNA was measured from cell lysates . 
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of seven epithelia per dot. Samples were subjected to 3 freeze/thaw cycles and then 
blotted onto a nylon membrane (Ambion*, Austin, TX). Detection of the AAV viral 
DNA was done by hybridizing with a ^%^-labeled pCMVBgal. Unhybridized probe 
was washed as follows: two washes with 2% SSC and 0,1X SDS at room temperature 
5 for 15 min, one wash with 0.5X SSC and 0.1% SDS at 55 "^C for 1 hr, and finally one 
wash with 0.5X SSC and 0.1% SDS at 65 C for 30 min. Dot blots were developed and 
quantitated using a Phosphorlmager (Molecular Dynamics, Sunnyvale, CA) (71). 

Measurement ofji-galactosidase activity 

10 Total 6-galactosidase activity was measure using a conconercially available 

method (Galacto-Light, Tropix, Inc., Bedford, MA). Briefly, after rinsing with PBS, 
cells were removed from filters by incubation with 120 |li1 lysis buffer (25 roM Tris- 
phosphate, pH 7.8; 2 mMDTT; 2mM 1, 2-dianiinocyclohexane-NiN,N\N-tetraacetic 
acid; 10% glycerol; and 1% Triton X-lOO) for 15 min. Light emission was quantified 

15 in a luminometer (Analytical Luminescence Laboratory, San Diego CA). To 

histochemically detect B-galactosidase activity, the chromogenic reagent X-Gal (5- 
bromo-4-chloro-3-indonyl-6-D-galactopyranoside, Boehringer Maimheim) was used. 
Human airway epithelia and murine lungs were fixed with 1.8% formaldehyde and 2% 
glutaraldehyde, and then incubated for 16 hr at 37^ C with 313 \A of 40 mg/ml X-Gal in 

20 DMSb dissolved in 12.5 ml of PBS (pH 7,8). ' ' ' ^ 

Studies in mice 

For in vivo analysis, 6-8 week old C57BL/6 mice (The Jackson Laboratory, Bar 
Harbor, ME) were studied. Mice were lightly anesthetized using a methoxyflurane 
25 chamber. Recombinant AAV2 and AAV5 (1 X 10^° particles) were administered 
intranasally in two 62,5 ^1 instillations delivered 5 min apart. The experiment was 
performed with five animals per group. Twenty-eight days after vector administration, 
animals were sacrificed with CO2. PBS (10 ml) was instilled into the right ventricle 
and then the lungs and heart were removed intact. The trachea was intubated and 

30 instilled at 10 cm of pressure with the following solutions in order: PBS, 4% 

. * - - ■ ' - I,- 

paraformaldehyde, PBS, and stained overnight with X-Gal stain and finally rinsed with 
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PBS. Lungs were cryosectioned and sections were analyzed by two independent . 
reviewers that were unaware of the experimental identity of the samples. The reviewers 
counted the number of blue nuclei of figal-expressing cells from a 5 jam slice obtained 
every 50 imi (n=20 fields/lung).. The total number of airway epithelial cells was 
5 estimated by dividing the surfaqe of the epithelia (7r2r) by (4.9 /^m), an estimate of the 
diameter of the airway epithelial cells (2425.3 ± 20 airway cells/field). 

AAV5 can mediate gene transfer tiirough the apical surface of human airway 
epithelia. Because AAV2, AAV4, and AAV5 have different tropism in cell lines, the 

10. efficiency of these different serotypes on primary cultures of differentiated human 
airway epithelia was compared. Epithelia were transduced for 12 hours at a relatively 
low. particle per cell ratio (500 particles/cell) with an estimated MOI of less than 1. To 
allow for maxinqial expression, the ejjithelia were studied 2 weeks after infection. 
Quantification of the fi-galactosidase activity showed that AAV5-tranduced cells 

15 generated approximately 50 fold greater activity than AAV2 or AAV4 transduced cells 
. (Fig 15E). To histochendcally detect the B-galactosidase activity, we stained the 
epithelia with a chrompgenic reagent X-gal. Similar to the quantitative analysis, figure 
15B & 15C shows.only minimal gene transfer in epithelia transduced by AAV2/BGal or 
AAV4/BGal compared to epithelia transduced with AAV5/BGal (Fig 15D). To rule out 

20 the possibility of pseudo-transduction by protein transfer, the epithelia was assayed 
Ihour after the application of the AAV vectors, no B-gal activity was detected over 
background. 

AAV5 binds to the apical surface of well'dij^^ 
.25 . . The hypothesis .that the improved transduction efficiency of AAV5/6Gal relied 
on increased binding to well-differentiated airway epithelia was tested. Epithelia were 
incubated for 30 min with 500 particles per cell of AAV2/BGal, 'AAV4/BGal or 
AAV5/BGal, then rinsed. Cell-associated AAV was estimated' by dot blot analysis. 
Figure 16 shows that differentiated airway epithelia bound AAV5 derived vector 
30 approximately seven-fold better than AAV2/6Gal.' Of interest, AAV4/Gal also bound 
to the apical surface five times more efficiently than AAV2/Gal. These data may 
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explain some of the advantage of AAV5 over AAV2-derived vectors in mediating gene 
transfer to the airway epithelia. 

Effect of dose and incubation time on AAV5 infection of the apical surface of human 
5 airway epithelia 

Since AAV5 appeared to bind and mediate gene transfer to the airway epithelia 
more efficiently than AAV2, the effect of dose of the virus was examined. Figure 17 
shows that in a range of 0,5 to 5000 particles/cell, AAV5 always outperformed 
' AAV2/8Gal. The course of AAV5-mediated expression of fi-galactosidase in vitro 
10 over a month period was also tested. The level of B-galaictosidase expression was stable 
over 28 days (3.4 x 10^ ± l,4x 10^L.U./mg and3;18 x 10^ ± 1.1 x lO^L.U./mg for 10 
and 28 days respectively. • ^ 

The effect of incubation time for the virion* (AAV5/BGal) on airway epithelia 

15^ was' tested. Figure lS shows thiat contrary to what is sebnwit^^ 

and- AAV2, incuBation of airway epithelia with recombinant AAV5 resulted in similar 
levels of gene transfer with short incubation;- 30 nnri or.a prolonged incubation, 12 h. 
This is in agreement with the increased affinity found for AAV5 compared to AAV2 
and adenoviruses and more importantly it suggest there may be an apical receptor for 

20 AAV5: ■ ^'^ '..v; 

AAV5 infection of the apical surface of human airway epithelia is not sensitive to 
heparin competition. ' - ' ' • • ? ^ ' 

' The low level transduction of airway epithelia by AAV2/BGal is thought to be 

25 the result of poor virus binding because the apical membrane of airway epithelia 

expresses very low levels of HSP and aVB integrins that may mediate AAV2 binding 
(54,74). To test the effect of heparin competition on AAV2/BGal and AAV5/BGal 
transduction of human airway epithelia, the vimses were pre-incubated with 20 ug/ml 
of soluble heparin. Competition with soluble heparin had minimal effect on the already 

30 low level of AAV2/BG2Q-mediated gene transfer suggesting that the observed low level 
transduction was not receptor-mediated (Fig 19A). However more importantly, heparin 
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competition did not inhibit AAV5/6Gal-mediated gene transfer to airway epithelia. 
These data show a novel receptor-mediated pathway for AAV5 binding and infection 
via the apical surface of human airway epithelia. 

5 AAV 5 mediates gene transfer through the basolateral surface in a heparin sulfate 
independentmanner 

The.binding of AAVS to.the apipal membrane suggests; a novel re^^^ To 
test if the receptpr^for AAyS is presenton the, basolateral surface, thq transduction 
experiments, were repe^^ but ye^ctonwas appKed 

10 from the basolateral sidei: Because AAy2 can infect via the basolater4 side, this 
experimental design also allowed invejstigationM whether or not AAV5 had an 
advantage over AAV2 once they were both in the cell, Briefly, the epithelia were 
turned upside down and 500 virions/cell of AAV5/BGal or AAV2/BGal was carefully 
, : : :applied in^ayolume pf-25rfil; to thp bptt^ After 30 min, the 

15; epittieh^ were:rinsqdthp To alloAy for ^rii^ epitheha were 

^ ■ studied 2. weeks .after infectipi)] Figure ,19B.sho\y^ that.;similar liw^s of 6- 
galactosidase ^ctiyity werei detected in/airway epithelia transduced with either 
, AAV2/fiGal' or AAV5/6Gal. /These data suggeist that both viruses work equally well 
when applied to. the basolateral side. To test the mechanism., of upt£Gce, the studies were 
20 repeated in the presence of soluble heparin. As previously reported, basolateral 

infection of the airway epithelia by AAV2 was competed off by soluble heparin (74). 
However, the AAV5/6Gal tfansductipn.yia the basolateral surface was not blocked by 
heparin competition. These data show that that AAV5 binds to a different receptor than 
. _ AAV2 that is present both bri> the apical arid basolateral surfaces of human airway 
25; epithelia. • . . - ; ' . : . : '\ 

' AAV 5 mediated gene transfer to the airwa^^^ 

These data demonstrate improved gene transfer of human ciliated airway 
epithelia with AAV5 compared to AAV2, To compare the transduction efficiency of 
30 : AAV5 and AAV2 in vivo, administered either AAy2 or AAV5 (Ix 10^*^ particles) was 
administered to 6-8 week old C57BL/6 mice, in a total volume of 125 (il via nasal 
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instillation. After 30 days the mice were sacrificed, and the lungs were fixed and 
stained with X-Gal as previously described (71). A relatively low viral input was 
chosen to maxinoize the difference between specific receptor binding and non-specific 
binding that may occur when the viral concentrations are very high (70,73,74,77). Only 
5 minimal transduction in mice treated with AAV2/BGal was observed (Fig 20). In 
contrast, a significant increase in the number of blue cells in the lungs of mice treated 
with AAV5 was observed. A 15 fold increase over AAV2 transduction was observed 
when alveolar cells were transduced' with AAV5. These data confirm the in vitro 
observation that AAV5 is more efficient at mediating gene transfer to the luminal 
10 surface of airway epithelia than AAV2 and suggest that murine airway epithelia express 
the receptor for AAV5: ' ' 

The data presented in this Exaniple suggest that the capsid of AAV5 is 
sufficiently different from that of "AAVZ to allow for efficient binding and infection of 
15 human aimay epithelia. While lirevibus' research has- deinonstiate^^ transduction of 
" airway epitKelid cells with AAV2 those studies have required either very high MOFs 
■ and/or prolonged incubation times. The'prdsent invention shows that human and 
murine airway epithelia can be more efficiently transduced by AAV5. Furthermore the 
data suggest a novel* receptor present both in the apical and basolateral surface of 
20 airway epithelia. 

: ^ ■ ' r. r EXAMELEV. 

. . ; Preparation of viral vectors : : - 

25 * , , ; ' AAV5 expressing nuclear targeted p-galactosidase,driven off of a Rous- 

sar coma virus promoter was prepared. Virus .was concentrated and suspended in 3% 
sucrose in phosphate buffered saline prior to in vivo use. AAV5 titxes were 
approximately 1x10^ infectious units/ml as assessed by P-galactosidase histochemistry 
of COS cells transfected with serial dilutions of the viruses. , For most of the 
30 experiments, the neuronal tracer cholera toxin subunit b (CTb) was added to the viral 
suspension at a concentration of 1 |xg/^il so that CTb inmiunoreactivity could be used to 
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independently visualize cerebellar injection sites and distinguish transport and spjead 
of virus outside of the injection site from transduction within the primary injection site 
itself, CTb is the nontoxic, nonbiologically active subunit of cholera toxin and is 
presumed to be inert in neuronal tracing experiments. Nonetheless, to insure that CTb 
5 had no effects on results AAV5, several animals were injected with virus alone (no 

Cerebellar Injections and Breparatioii of T^^ 

Young adult C57B16 nDdce, weighing ?0-25 g -were anesthetized with 

10 ketamine/xylazine a burr, hole was drilled at the midline posterior occipital bone 
overlying the cerebellar anterior lobe and pressure injections totaling 2\il were made 
into a single cerebellar lobule using a Hamilton syringe cemented with a glass 
micropipette.tip. After survival periods, 7 weejcs for AAy5, animals were 
re^Mstheti^ed and transcardidlyfperfus^ejd with e saline followed 

15: by 4%-pa^aforaiaJehdyein Ovl M phosphate .buffer, pH 7 A. .Cere;bella, brainstems and 
thoracolumbar spin^.cprd^ Wj9re(re33Pioved and pQStfixed in the,4% paraformaldehyde 
overnight at 4 ' C, cryoprotetctedfor 1-3 days^in 30%.sucrose in phosphate buffered, 
saline at 4 ' C and then sectioned .on a eryo^tat at . 50 ^^^^ 
(cerebellum/braihstem sagitally and spinal copd longitudinally); ^ . ^ 

20 . , : t. 

Histochemistry and immunofluorescence 

Gene transfer was determined by processing every other section for P- 
galactosidase staining with 5-bromO"4-chloro-4-indolyl P-D-galactoside (X-Gal) 
according to Terashima 1997. Transport and spread of virus was then determined by 
25' "comparing the X-gal processed sections to adjacent sections that had been processed for 
•CTb immunohistochemistry according to Alisky and Tolbert (1994). Finally, neuronal 
versus glial' gene transduction v/as determined by dual staining immunofluoresence for 
' P-galactosidase and neuronal and glial markers on selected cerebellar sections. Glial 
- fibrillary acid protein (GFAP) was used as the glial marker and calbindin was used as 
30 the neuronal' marker; colocalization was then determined by confocal microscopy. 
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Injection sites 

As determined by CTb immunoreactivity, all injection sites were approximately the 
area of a single cerebellar lobule in the anterior lobe (lobules E, IH, IV or V) 
encompassing most of the anteroposterior and mediolateral extent of the lobule within 
5 the vermis. In some cases, injections encompassed the dorsal half of one lobule and the 
ventral half of another lobule for a net injection of a single lobule. Injections filled the 
molecular layer, Purkinje cell layer, granule cell layer and white matter of the arbor 
vitae but did not extend to the deep cerebellar nuclei. Outside the injection site, the 
CTb fetrogradely labeled precerebellar neurons iii the cuneate, vestibular, olivary, 
10 reticular and spinal nuclei, thus mapping an extehsive pool of neurons which could be 
potentially transfected via retrograde axonal transport of virus. ' " 

AAVSpgal Transduction 

There were 12 mice in the AAV arm, seven with AAV5-CTb and five with 

15 AAV5 alone, all sacrified at 7 weeks postinjection. Neuronal cell types could be 
unequivocaiiy identified because of the miique morphology and position of different 
neurohal classes within the cerebellar cortex. Stellate neurons are always outermost in 
the molecular layer, baisket cells are in the inner part of the molecular layer, Purkinje 
cells are always a monolayer and Golgi and granule neurons are exclusively in the 

20 granule cell layer. There was ho difference between AAV5-CTb and AAV5 alone and 
tropism of tlie two vectors was similar. There was extensive AAV5-pgal gene transfer 
to Pufkiiije cells,' stellate and basket cells and Golgi heuroiis but only minimal 
transduction of granule cell neurons (Figure 21): - By imiiiunofluoresnce, transduction 
was exclusively neuronal (Figure 22 and 23) ^ J ' 

25 ■" rC V:- ' /\?^. , 

' AAV5 showed little retrograde transport but much greater physical spread. The 
only retrograde transport was to deep cerebellar nuclei; the brainstem vestibular nuclei 
transduced by the FIV were not transduced by AAV5/ However, AAV5-pgalactosidase 
expressing Purkinje cells could be seen in several lobules far beyond the single lobule 

30 injection sites, sometimes the entire anterior and posterior lobes. Moreover AAV5- 
Pgal expressing cells could be seen in the overlying inferior coUiculi in x of the 
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animals, clearly diffusion rather than retrograde axonal transport as there are no axon 
projections from the inferior colliculus into the cerebellum. 

Throughout this application, various publications are referenced. The 
5 disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. v . . 

Although the present process has^^een de^ with reference to specific 
10 details of certain embodiments thereof, it is not intended that such details should be 
regarded as Umitations upon the scope of the invention except as and to the extent that 
they are included in the accompanying claims. 
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What is claimed is: 

1 . A method of delivering a nucleic acid to a cell, comprising administering to the 
cell an AAV5 particle containing a vector comprising the nucleic acid inserted 
between a pair of AAV inverted terminal repeats, thereby delivering the nucleic 
acid to the cell. 

2. , , . .A methodvOf delivering a nucleic acid^to a cell in a subject comprising 

administering to the subject an AAY5 particle comprising the nucleic acid 
. . inserted between a pair of AAV inverted tenninal repeats, thereby delivering the 
nucleic acid to a cell in the subject. . . . , 

3. The method of claim 1, wherein the cell is selected from the group consisting 
. _ of : dyeolar ceU, cerebeUgu: ceU, and ependy^ 

4. The method of claim 3, wherein the cell is an ependymal cell. 

5. The method of claim 3, wherein the cell is an alveolar cell. 

6. The method of claim 3, wherein the cell is a cerebellar cell. 

7 . The method of claim 2 wherein the cell selected from the group consisting of: 
alveolar cell, cerebellar cell, and ependynial cell. 

8 . The method of claim 7, wherein the cell is an ependymal cell, 

9. The method of claim 7, wherein the cell is an alveolar cell. 

10. The method of claim 7, wherein the cell is a cerebellar cell. 
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1 1 . The method of any of claims 1-10, wherein the AAV inverted terminal repeats 
are AAV5 terminal repeats. 
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HAiiXGN ■ -F C/GENE 

ALIGNMENT OP TWO NUCLEOTIDE SEQUENCES. * 

be two sequences to be aligned are: 
av2CG. 

3tal number of bases: 4679: 
kVSCG.- 

3tal ninnber of bases: 46521 

pen gap cost : 10 ; 

lit gap cost . : 12 

le character to show that two aligned residues are identical is ' : ' 

^^CS^.«^^am?GCCACT?CCCTCTCTGG6CGC?pireGTGG5ri^^ 

^- = • / I -ssss: s^'-; i: :r:.: ::r:f-:iVsV;:s: ■• .■ •. ■:: ■::: : •. 
i.V5CG - T6GCACTCTCCCCCCTGTCGCGTTC6CTCGCTCGCTGGCTCGTTTCGGGGGG -55 

W2CG - C-- — CAAAGGTC-GCCCGACGCCCG6GCTTT6CCC(M-GCGGCCTuft go' 

lYSgO r CAGCTCAAAGAGCTGCCAGACGACGGCCCTCTGGCCGTCGCSCCCCCAAACGAGC -110 

vV2CG GTGAGCGAGCGAGCGCG-CAGAGAGG-^GTGGCCAACTC^ -141 

■■ : :::::::::: -;::s ..? r: s :: ;:::s--s.- js:: . : ::::: - 

IV5C6 - CAGCGAGCGAGCGAACGCGACaiGGGGGGAGAGTGCCACACTCTCAAGCAAGGGGG -165 

iV2C6 - TCCTGGAGGG-GTGGAGTCGTGACG-TGAATTACGTCATAGGGT^^ 

• ■ f '•■5 ■••>•■? s':s s'-: vs.^ ;i; > -j. " ■•.•-•.::s : ,. • 

.V59G - TTTTGTAAGCAGTGATGTCATAATGATGTAATGCTTATTGTCACGaSATAGTTAA -220 

.V2CG TGTATTAGAGGTCACGTGA-GTGTTTTGOSACAraTTGCGA ATGT -242 

: '■? • • 5 • I ••!!••*:::*$:*:... ■ * s ' ■ ' • ° s * • » • • 

yscp :-. TG-ATTAACAGTCATGTGATGT6TTTTATCCAATAGGAAGAAAGra -274 

y^CG _ - gGTCACGCT-: — :r~--GG6TM;TTAAGCCCG^^ 

VSCG - GCTCTCGCGAGACTTCCiKGGTATAAAAG^^ 

V2CG - ^-^TGi^GCGGGAq-GTTTGAACGCGCA-GCC^ -340 

V5CG - TCTTTGCTCTGGACTGCXAGAGGACC^CTCGCTGCCATC^ 

72 CG - TGTGATTAAGGTCCCdlGCGACCTTGACGGGC^ -395 

75CG - .CaTTGTTCGCGTCCCATTTGACGTGGAGGAAciTCTGC^^^ 

72 CG - TTTGTGaACdxSGGTGGCO^GAAGGAA^ -450 

75CG - TTTGTGGACTGGGTAACTGGTCAAATTTGTCAGCTC^ -493 



FIG. 4 
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AV2CG 

a.V5CG 

&.V2CG 

&.V5CG 

W2CG 

W 2 C G ._ 

VV2CG 

IV5CG 

kV2CG 

WSCG . 

'^2CQ • 

vVSgG 

vV2CG 

iVSCG 

.y2qG 

.V5C6 
.V2CG 
.V5CG 
V2CG 
VSpG 
V2CG 
75 CG 
V2CG 
75CG 
72C(3 
75CG 
72 CG 
75CG 



- ATCTGAJirCrtiKjnSlGC&GGCACCCCTGACCGTGGCCGAGi^ 

• • •••• • « • • » •••• 

• • • • • • •••• • • • 

- ATTTGACTCTGGTTGiULCAGCCTCAGTTGACGGTGGCTGATAGAATTCGCCGCGT 

- CTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTG 

••••• ••••• * • 

- GTTCCTGTACGAGTGGAACAAATTTTCCAA6 CAGGAGTCCAAATTCTTTGTG 

- CAATTTGAGAAGGGAGAGAGCTACa?TCCaLCATGCaCGTGCTCGTGGAAACCA 



- CAGTTTGAAAAGGGATCTGAA^aTTTT^ 

- GGGTGAAATdCATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAAAACT 
: : :::::::: : : : : : : : ::::::::::::::: . : : : : ^ 

- GCaTCTCTTCCATGGTCCTCGGCCGCTACGTGAGTCAGATTCGCGCCCa^ 

- TCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCA?IACTGGTTCGCG6T<^ - 

: : : :: r::^:: Jir : ^ :::: 

- GAAA6TGGTCTTCCAGGGAATTGAACCCCAGATC2UVCGACTGGGTCGCCATCACC 

^GACCAGAAATGGCGCCGGAGGCGGGAACAAGGO^ 
: j; r :: ::: : :M^::r: : ::: ^: :: ii i 

- ^GGTAAAGJAGGGC7~GGAGCC---AAT 

- pCAATTACT^GCTCCCO^^ 
:: :r cro . ::: : :i ::::::::::::: : :: : 

r CCGCCTACCTGCTGCCGAAGGTCCAACCqC^ 

r pGAACAGTATTTAAGCGCCTOTTTGAAT 



gAGCATeTGACGCACGTCTCGC^ 

- CAGTTTCTGGCAGAATCCTCGCAG-CGCTCG — CAGGApGCGGCTTCGCAGCGTG 

- gCAMTCTGATGCGCCGGTGATC^ 

- AGTTCTCGGCTGACCCGGTCATOU^GCAA 

GGTCGGGTGGCTCGTGGACa^GGGGAO^ 

■ ::::r::::Wi : :: t t:iik:t:t: :::::: :: ^ 

- CGTCa^CTGGCTCGTGGAGCakCGGC^ 



MTCAGGAGAG^AQCTCTCCK 

. > i.ii "i .' « .'*'.W C '.V. ' . J' 



AGGCCGCGCTCGAC2iACGCGACayUAipAT<^ 

pTACCTGGTGGGCCaGCaGCCCGTC-^AGGaC^^ 

::::: ::: : . s J • ' • 

PTACCTCGTGGGG-AGCTCCGTTCCCGAGGACATTTCAAAAAACAGA&TCTGGCA 



505 
548 
560. 
600 
615 
655 
670 
710. 
725 
765 
-780 
-8i4 
-835 
-869 
-890 

-945 

-976 

-1000 ' 

-1031 

-i055 

f-1086 

rlllO 

-1141 

-1165 

-1196 

-1219 

-1250 



.,,5/34 



wo 01/70276 PCT/USOl/09123 

^V2CG • - AAraOTGGAACTAAACGGGTACGATCCCCAATATSCGGCra -1274 

!^V5CG - AATTTTTGAGATGAATGGCEACGACCCGGCCT^^ .^305 

W2C6 - TGGGCaiCG2UiAAAGTTCGGCAAGAGGJUia^CCATCTGGCTGTTTGG6CCTG<^ -1329 

,W5CG - TGGTGTCAGCGCTCCTTCAACAAGAGGAACaCCGTCT ^13 60 

W2C6 - CTACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACaCTCTG^ -I384 
iVSCG • •• = - CGACCGGCAAGACC&iCATCGCGGSGGciaTCG^C^ 

IV2CG - GTGCGTAAACTGGACCAATGAGaACTTTCCCTTCAACGACTGTGTCG^ -1439 

::::: :::::::::::::: :: 

IVSCG - CTGCGTGAACTGGACOM^TGAAAACTTTCCCTTTAATGACTGTGTGGACAAAA -1470 

IV2CG - GTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTC6TGGAGTCGGCCAAAG -1494 

oA^i^n^;^***--'**- s: a :: ::::: : 

^^CTCATaa?GGJEGGGAGGAGGGAAA^^ 

- «ATCCTCGGAG62Ml6CAAGGTGCGCGTG6ACCa -I549 



IV2CG 



iV2CG 



-1580 
-1604 



: :: s: :s s° »; • ... 

vVSCG - i^TTGATTCTACCCCTCTCATTGTAAOT -I635 

y2C6 - #CGGGAACTCSU^CGi.C€i*r _1659 

•VSCG - ^TGGGAATTpCiLCGACCTTT^ -1690 



.72 GG 
.V5CG 
V2CG 
VSCG 



-1714 
-1745 
-1759 
-1800 



' ?^F'^:^^?T<?^^^AaAGGGr -1822 

VSCG - STTAAAGTTCCCA9GGAAIT^ t-1849 

72CG - TATAAGTGAGCCCaAACGGGTCCGCGAGTd^^ -1877 

trcnr H.'' ' ''''' » s 8 s : : ? : .-s: :: : ::: : 

vace r TAAAAC---GCCqACTrGGGTGA-CGl-CACCJUiq^^^ -1898 

^ . ^?CGGAAGCTTCGATpAACTACGCA^ 

75C(5 - p""-MGC-^GGGCCAGGCTCTCA^ -1947 

!^2Cg ~ ^!^GG6CATGi^CT-GAT^ -1985 



^ 6/34 



wo 01/70276 PCT/USOl/09123 



AV5CG - GTG2lCTGTTafccduGCTCCTCTGCGACCGCTCa.-iiau'yCaA^^ — G -1999 

fty2CG - J^TTCAAATATCTGCTTCACTCACGGACAGi^GACTGTTTAGAGT^ -2040 

* 5 ::::: ;: : : ::: : :: : : : :: : 

RV5CG - ATTGCAAATG — TGACT-A-TCATGCTCAATTTGACA ACATTTCTAACAAA -2046 

^V2CG * - TGTCA-GAATCTCS^CCCGTTTCTGTCGTCAAAAAGGC — GTATCAGAAACTGTG -2092 

::::::::::: : : :::::: :: :: 

W5CG - TGTGATGAATGTGAA!EATTTGAATCGGGGC2^AAAATGGATGTATCTGTCAC2^TG -2101 

W2CG „ ^ CTACaTTCA-TCATAT----CATGGGAAAGGTGCCAGACGCTTGCaCT -2142 

IV5CG - • TAACTCACTGTCaAATTTGTCATGGGATTCCCCCCTGeGAAAAGGA 2154 

IV2CG - ATCTGGTCAATGTGGAITTGGATSACPGCATCTTTGAAC^ -2197 

». •^< ••«••• «• »•»•«..•. • « 

i.V5CG - ^CAGATTT'-rGGGGATTTTGACGATGCCMTAAAGAACaiGTAA^ -2207 

kV2CG - (^GGTATGGiCTGdcGATGGTl^^^ -2252 
\V5CG ^AGTCATCTCTTTTGTTGATCACCb*^^ 

wY2CG - AGGAATAAGA^tlA^ -2307 

• • • - , , ♦ m M .9 • • fi. • • • ^ • .* * • • 

wVSCG r AGGTpTTCGCGAGTTraiGGGCCTTC -2313 

iV2CG r GAGCGGciTILASGACG^ -2362 

.V5CG r CAGCAGCATC^GATCa^ -.2368 

.V2qG ' - |A:CCC]^TaSACGete -2417 

V5CG • ^CCCGGA^CGeTbTCG^C^ -2423 



V2CG ' - CCTcd]VGCA6'GAC2iM6dd^^ -2472' 
V5C6 ^ - GCGAG^6CAC^ACA!^CTC(^TACM -2478 



V2C<3 - CTCyVA.GTACAACCaC6Cgi;ACG -2527. 

• •""••«•*' * 
■ • • • ; m • • • • •.«••♦ •• « • •r • • * • V , -^i^ w m- 'I f ^ *- • « » ' t 

75CG gTeAAGTAC^.(:CACGC6GACGCCGS^ -2533 

?2CG COTTTGCS,^ -2582 

• m • •••'«•'' ''■•••••*••'••'••'» •••••«•« 

75CG ^ CCiTTCGGGGGMACCTCiSiSAAAGG -2588 
72 CG - ACCTCTGGGCCTGGTTCAGGMccteira -2637 



75CG - ACCTTTTGGCCTGGTTI^^ 72643 

72CG - - GTAGAGCACTCTCCT^^^ -2692 

• !»•••*••• " «'* •••^ • 

^a* •«• «o« * *'* 

rSCG - gAOJACtaCTTiPCCAAAa^AGAA^^ -2691 

r2p6 - AGCAGCCTGCAAGMAJAGATTGAAT^ -2746 
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avscG 






-2729 


A.V2C6 


- 


TACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAAC 


-2801 


AVSCG 




5 •** *v« «• * ••• • • • *I ••••• • 

- — CGGATCCC-AGCAGCTGCaAATCCCaGCCCaACCAGCCTCAAGTTTGGGAGC 


-2780 






TAATACGATGGCTACAG6CASTG6C6CACCAATGGCAGACAATAACGAGG6C6CC 

* •••• m m w »•* « t* 


-2856 


W5C6 




• •••• ••• m •••»«•••• * 

TGATACAAT6TCTGCGGGA66T6GCGGCCCATTGGGCGACAATAACCAAGSTGCC 


-2835 


W2CG' 




gacggmtgggtMttcctcgg 


-2911 


IV5CG 




•GATGGAGTGGGCAATGCCTCGGGAGATTeGCATTGCKATTCCACGTC 

' *' - , * ' 


-2890 


172 CG 


- 


ACAGAGTCATCACCACCAGCaCCCGAACCrGGGCCCTGCCaiCCTAdlAC^ 


-2966 


iVSCG 




ACAGAGTCGTCACCaAGTCCACCCGaACCTGGG 


-2945 


iV2CG 




4:.eTX?rACAAACA2J«I!ra 


iVSCG 


- 


CCTiGTACCGAGAGATOiAaAGC^GCTCCGTCGAaMAAGCaAOGCC&Ae 


-3000 


wV2CG 


r 


5^TGGCTACA6CACCCCT 


r3073 


.V5CG 


r 


TTTGGATAq^GCACCCCCTGGGGGTACTTTGAC^^ 


-3055 


.V2fiG 


— 


TTTCACCAO^TGACTGGCAiyVGA 


-3128 


V5gG 


- 


GGAGCCCCCGAGACJTGGCJUiAGACTCATC^ 


-3110 


V2CG 




GAGACTCiAcTTCa^ 


-3183 


VSCjS 


- 


gTCCCTGAGAGTCAA^ 


-3165 


V2CG 


- 


GGTACGAC^AOSAT 

9. *'»0 ••.»€* ««•.«'• u«M*<* a'o* ««« ■•O«i»«0«io*to 


-3238 


75 CG 


- 


9 • •« «« •«•«• •«■■»*&• • ••••••« 

TCCACCACCACCATCGCC^yiCaL^ 


-3220 


72 CG 


- 


CGGAGTACCAGCTCC^^ 

• • 9Q999.9»m mm » • m * 'a ' ■ o • n o \ ' ' ' ' . <^ •••.••••£ 2!2 £ 


-3293 


75 CG 


- 


• « «««**0** «• •••••• • •«•*■• -« « .o»«*»««*****. <9 

ACGACTACCAGCTGCCXITACGTCGTCGGCA^ 


-3275 


72CG 




gTTCCCAGCAGACGTCT 


-3348 




- 


CTTCCCTCCGCAGGTCTTTACGCTGCCGC^ 


-3330 


72CG 




GGGAGT-CAGGCiAGTAG^ 


-3397 


^SPG 




• . • •• so *3»..e. 

GACA&CACakGSAI^TCC^ 


-3385 


72 CG 




PTTCTCASATGCTCCGTACC 


-3452 


J5g^ 




• vo* ^• •.j SX«*«»oo* ^ 22 * '555 *. ••••••^(•" 

pCAGCAAGATGCTGAGAACGGGCAAC^ 


-3440 
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AV2C3G 
AV5CG 
AV2CG 
AV5CG 

kV2CG 
kVSCG 
^V2CG 
W5CG 
IV2CG 
V75CG 
iy2CG 
.iSfcOG 
vV2CG 
»V5CG 
.V2CG 
V5CG 
.V2CG 
V5CG 
y2CG 

yscG 

V2CG 
V5CG 
V2CG 
V5CG 
V2CG 
'yfSCG 



CGTTCCTTTCGIACAGCAGCTAaSCTCAG^GCCAGAGTCTGGfi^ -3 5 07 

:: :: :::::: ::::: ::: ::: : :: :: * 

GGTGCCCTTCCavCTCCAGCTTCGCTCCCSlGTCAGAACCTGTTCT^GCTG^^ -3495 

CCTCTCATCGACCAGTACCTGTATTACTT GAGCAGAACAAACACTC 3553 

**** * *•««•*«•• •««•• •« «««*•* 

♦ ••%• ••••• 

CCGCTGGTGGACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGCGGAG -3550 

-<;AAGTGGAACCACCAC-.~GCAGTCA-AGGCTTCAGT!r — TTCTCAGGCCGGAG -3 601 

: ::: :::::: ;: : • : : ;: : : : : :: 

TCCaGTTCaACAAGAACCTGGCCGGGAGATACGCCAACACCTACA -3 605 



- CGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGACCCTGTTACC^ 
r- CCCGGGGCCCATGGGCCGAACCCjfeGG-CTGGAA- 



- • GCAGCGAGTATCAAAGAOITCTGCGGATAACAACAACAGTGAA^ 

- GC-GCCy^GTGTCAGCGCCTTC-GCCACGACCAATAGGA-TGGAG-CTCGAGGGCG 

- GGAGCTACCAAGTACCACCTCAATGGCAGAGA^CT 
-r gGAGTTACCAGpTC^CCCCG^ 

- CCATGGCAAGCCA<3a.GGACGM 

- gCA'-7GCAA--CACCTATGCCCTGGAGAACAC^^ 

- GATCraTGGGAAGC^ 

- CA6CCG-GCGAACCC6GGCACCACOT 

- ATTACAGACGAAGJ^ 

- AC--CJ^-CGAGAGCGAGACG?:^C^ 

- GGTTciGTA^ACCAACCTC 

- gGCAGA-TGGCCACCAACAACCA^^ 



• • .« r 



• • • • ■ • * • ■ - • ^ • • m- : :. « •• • .,♦ • . „• • • ? • 

- AcAaCCTCCaVGGZJ^TCGTGCCCGGC^ 

« • • • • • • « *» • • •'• m- -I . • • * • • • • • • • • 

- GCAAGGACCCATCTGGGCCAAGATCCCAGAGACGGGGGCGCACTTTCACC^ 



CGCCTCATGGGTGGATTCGGACTT 

• • y • • • , • • •.«v# « 2"'2 2-2 2'^2 •'■I S 2' 

pcggccatgggcggaticggactcaaacacccaccgccc^^ 
acacggcggtAcctgcgaat^ 

acacgcctgtgcccgga2kata--tc-acca6cttctcggacgtgcccgtcagcag 



-3656 

-3658 

-3711 

-3709 

-3766 

-3760 

-3821_ 

-3804 

-3876 

-3858 

-3930 

-3910 

-3985, 

-3964 

-4040 

-4019 

-4095 

-4074 

-r4150 

-4129 

-4204 

-4181 
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AV2CG - CC?TCATCACAC?.GT;kCTCCACGGGACAGGTCAGCGTGfi'AGATC3A3TGSGAGCT -42 59 



VvSCG - C-CTCATCP.CCCAGTACAGC?.CCGGGCi^GGTCACCGTGGAC-A.TGGAGTGGGAGCT -4233 

'•.72 CG - GCAG?^GGAI--AACAG:AAACGCTGGAATCCC3AAATTCAGIACACI':CCAACIAC -4314* 

1.75 C3 - CAAGAAGGAiJjiXICC?.AGAGGr3GiJvCCCAC-AGA -4 2 90 

iV2CG - AACAAGTCTGTTA.i.TGTGGACTrrACTGTGGACACTAATGGC:GIGTAIxCAGAC-C -43 59 
iV5CG ' - AACGACCCCCAGTtTGiGGACTTTGCCCCGGACAGCACCGG3GA--AT^^ -4342 

>V2CG - CIC— 3CCCCATIGGCACCAGATACCTGACTCGTAATCTGTAAT— TGCITGT 4418 

.V5CG - CACCAGACCTATCGG?J\CCCGArACCTTACGC^ -43 98 

.72 CG TAA— TCAAWJlACCGrTTAATTCGTITCAGITGAACITIGO-TCTCTGCGT : -4 4 67 

!• ••i«iai»t»tt ■■III *•■■< •* III 

75 CG - GCATA CCCTCAATAAA CCGTgTjc'?^^ 

72 CG - ATTTCTTTCT-TATCTAGITTCCATGGCTACGTAGATAAGTAGCArGGCGGGTTA -4521 
• • • ■* ! • J'tS i' I St il' 3, !I 

75C3 - CAT^'CAATGAAT^J^CAGCT'TACAACAT -45C6 

;'2CG - • ATCATTAACTACAAGG.biCCCCTAGTGATGGAGTTGGCCACTCCCTC-TCTGCGC . -4575 

■;5CG - GGCACI— CTPCCC CCTGTCSCGTTCGC-TCGCTCGCTGGCTCGI'::TGGGG -4534 

; i; '-G - - ■ GCTCdC'TCGCTCACTdii-^-'GCCGGGCSAG •'. ".4 5 2 8 

rSCG - GGGTGGCAGCTcjiAAGAGCIGCGAGACC-A^^^ 

" -203 --^ tGCCCGaG-CGGCCTCAGTGAGdGAGGGAGCGCGGAGAG -r4 57 9 

' ::: : s i s:s ::":!::;::! ; : ; s : •. :.s ; : j 
.gCG - --CCCAAACGAGC-CAGCGAGCGAGCGAAC.GCGACAGGGGGGAC-A3rGCv.A -4 65^ 

.ntity 8\3013 -.(64 ..77.*) . ""• ■> . . " . 

jer of gaps inserrsd -in- AAV2CG;. 43 :: ' ■ ■ . : 
jser of gaps, inserted in.AAVSCG: 53 . 



2 6 -I'llAY- 1 9 9 9— 
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*************************************** 
* aUfflJMENT OF TWO PROTEIlf SEQUENCES. * 
*************************************** 

-She two segaences to be aligned' are: 

aAV2VPl- . . 

DE VPl • : ' -.' 

OS aAV2 

Total nianber. of residues: .735. . , ' 
aAvsTPi- - ■ ■' ■ ■■- ■■■ : .. ■ ... 

DE AAV5VP1 

OS AAV5VP1. . • : ■ :■■ - ■ 

Total nipnber of residues: 724. i/(0i~ f/i7Z^ 

CoB^jarison niatrix 
Open gap cost 
Unit gap .cost 



=PC/GENI>= 



structure-genetic juatrix* 

8 ■ . - . . .„ . :.• ■. . ■ 
•5 ; ' ' • ■ 



rphe character to show that two aligned residues are identical is ^. 
S2 SSSer to show that two aligned:residues are similar ^s . 
.StiTacids said to -be 'similar' are:r A^S>T; P,E.;, lI,Q,r RrK; I,L,M,V, F,Y.,W 



AAV2VP1 
2AVSVP1 
3AV2VP1 
AUVSVPl 
Aa.V2VPl 
Aa.V57Pl 

AaysTBi 

Aa.V27Pl 

aivsvpi 




-5S 



. ..... .. . ; : . r:: ::: ::.::::::::::.:•• 

FirGII>KGEPVlIEaDAammHlYl»QIDSGDOTYI«Yl^^ -110 

G^Giililsip^Bvil^ISlHEQLEM^ ""^ ' 

GGNI/SRAVFOaKKRVIJEPI^V^^ "^^^ 
^^^a^W^i^^l^FGL 

PjmKRIOTGQTGDaDSVPDPQPLGQPPaaPSGL^^ -220 

sis r-^DAEAGPSGSfiQlQIPAQ^aSSIGiDJi^ -210 

VGNSS^aJSTWMGDKTTETSTEIW^^ '^''^ 

AAV2VP1 - YSTPWGYFDFE5I?FECHFSPiUJWQJlLI^ '^^^ 
AAVSVPl - YSTPWGOTIWEFHSMSP^^ 

AaV2VPl - TTIAmiIffSTVQV5T33SEYQI£IVI/;SAHQGCl^PFPAD^ "38* 

AaVFTPl - .iii^isi^i^DDYQI^YVVGKGTEGai^J^PQ^^ '^^^ 



,11/34 
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M.V27P1 
AAVSVPl 
Aa.y2VPl 
AAVSVPl 

AAVSVPl 

Aa.y27Pi 
Aavsypi 

AA75VP1 
AaV2VPl 

AAV2VP1 



- Q--AVGRSSF7CLEyFPSGK]atT6NNPTi'STZFEDVPF^ 

««•«•••••.••,.*«.«•*• •WW . ****** . 

- TEHPTERS SFFC3LEYFPSKmETGNN i'Ki"!' iNi'lifclViiPHSSEaPSCNLFKIAKPL 

- IDQYLYYLSRTNTPSGTI3QSRLQFSGaG2iOT 

«•••• jj • «55 5 .*T •••••• • 

- VDgiYLiEFVSTHKTGG-- ^VQIOTNIASiXMTYKNWEPGEMGR^ 

III--. • •*»•. 

- GVOTUVSVsipilTNPMELEGaSYQVPPQPNG 

- EKINVDI IKViaTDEEEiETTNPVSTEQYGSVST!^ 

..... I tZ J...j 's -51. 51' 

.NPGTTATYLEGdiLiTSESCTQPVHRT^ 

- VI<PQWWQDEDVn.QGPB?aKIIKro(ffiFHPSPIJlGGFG[OTPPPQl^^ 

:: : :::::: s:;;5!Se». s: „.t. 

- IVPGSVraiERDVYLQCTrRaKip 

- VDFar71XnJGVXSEPIffiIGTR3CLT8HL -735 



-437 

-430 

-492- 

-479 

-S47 

-534 

-599 

-589 

-6S4' 

-544 

-7Q9 

-€98 



T VDFABDSTGETiSEEiSffiXGTR^ 



Identity • s 421 f58.1S%) . 
Siailarity: '63' (8:70%) 
Htmber of • gaps insjartea in AAV2VP1: -3" 
Kumber of gaps' inserted, in a&VS^ls- 5 



==22-JaNTl997= 
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FIG. 6 



»31-DEC-1996= 



=PC/GENE 



*************************************** 
* MiIGiniENT OF TWO PROTEUT SEQUENCES. * 
*************************************** 

The tvo sequences to be aligiied are: 
EEP78, ' , 

DE KEP78 ' • ^ < ^. \ ; 

OS AAV 

Total 3imnfaeif -of residues : ve^ ■ / . ■ . 

DE ' SEP - — ^ * - : ' • . 

Total number of residues: 610. 

Comparison 'matrix -iz^ structure-genetic ; matrix.* . * . 

Open gap coisf' "^"'"■■i 8-'.:v^ ^.: ' - .-i :::-r. : . ; . , .-^r- 

TJnit gap cost : 5 

The character to show* that tvo aligned residues are identic^ is 
The character to*^ sliov 'that, two altg^ - 
amino acids said to be 'similar' are: *A,S,T; D,E; N/Q; RrK; I,L,K,V; F.Y^W 

IffiP78 - IfflGFTEarVlKVPSDmSHDPG^ 7^5 

: :::••.«:: :::::::::: 'jrTisV::. : ::: 

AAV5REP - iClTFYEVIVRVProVEEHrjGISDSFTDWV^ ••SS 

REP73 - AEKLCJBDFLTIWKRVSKaPEaLFFVQFEKGES 

AAV5REP - ADRIBRWLYEHTOSKQ-ESKF^ "^''^ 

REP78 - QIRHSa:.lQiUnCR6EEPriiPNWPAV!2R!I^ 

. ::: :. . : . .: » '.111! '''ll,'!!: 

AAV5REP - QIRAQLVK7VFQGIEPQIiroWVMTKVKK(^-^-Gai^^ 

EEP78 - QSlAWTNMEQYLS&CLmiERiaiLV&QHLaHVSQTQEQI^^ "220 

MV5EEP - QwiiiNLDEYKIAMiiLEE^^ '^^^ 
REP78 - S3^rraVGWLVDKGITSMQWIQEDQ2=SYlSPN&&SNSRSQIK^^ --275 
MVSKEP - SQK2MM.VKWI.VEHGITSEKQTOQENQESYLSFKSTGH^QIKa^ -27X 

BEP78 - LTKiaPDYLVGQQF7EDISSinamiJXNGYDPQI&&SVFI/3^^ -330 
* ••••• •••••••^ • •,;::t; :• «* • • 

MVSKEP - LisSATDiYGSSVPEDISKKKIWeb^ "^^^ 

KEP78 - wii-GPAiTGmriaEmHrvmGcvinm^ '^^^ 

•••••••••♦•••••♦••••••••*****2:*i.ss.s.**»* • 
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REP78 

AAVSKEP 

EEP78 

EEP78 

AAVSREP 

SEP78 

KEP78 



: 111 1 : 1: ii • s:: :::::::::::: 

- M>SDaDISEPKE7SES7aQPST;SDA^INE^YQKE:CSEH7Gm^ -55O 

- GAEKSLKSPI/a)7IHTX2KSI£KRaELSF^ .345 

- ■ERMirQHSNrcFiBGQia)cr£(3TvsESQPvsvv:sKaY0Ja^^ -605 • 

: . : :: . . it, 

" DC-KCDY?iQFPHISHKCDECEipR6KHGCiapyTS-^ _598 

- ACDLWTDtDDCIPEQ -621 

- DP -GDFDDAKKEQ -610 



Identity : 355 ( 58.2%} 
Similaril^: 56 ( 9.2%) 
Nuffiber of gaps inserted in REP78: 0 
NTimber of gaps inserted in AATSKEP: 7 



=31-DEC-1996= 
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Apical transduction of iiuman airway epithelia with rAAV2 and rAAV5 

4.00e+6 T = - 




aav5 - aav2 cells alone 



FIG 7 
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transduction of primary myoblasts 




AAV2 



AAV4 



AAV5 



FIG. 8 
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Qa week- H|l5 week 
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Intraventricular 



Striatal 
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□ Ependyma ^Striatum ■ Other 
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80 

60+1 



20- ^ 



'.'IS . ' ■■■3;; 



15 



■15" 
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AAV2 AAV4 



AAV5 
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BGal Activity 
(LU./mgx106) 




cells alone AAV-2 AAV-4 AAV-5 
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Experiment 
1 2 3 



AAV-2 



AAV-4 



AAV-5 



iAV^Genomes lO'^O 10^ 10^ 10^; lO^. 



B 

AAV 
I Bound 




AAV2/BGa! AAV4/BGaI AAV5/BGal 
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BGal Activity 
(LogLU^mg) 



8- 

7- 

4 



□ AAV2/BGal 
ilAAV5/BGal 



0 0.5 5 50 r 500 5000 
AAV Rose (particies/cell) 
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BGal Activity, i. 
(LU./mgxii6j I 




0 30 90 120 360 720 

Incubation Time (min) 



15 
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250 

' 200 

Percentage Expression 150 - 
(% BGal) _ 




n No Heparin 
B I'lus Heparin 



AAV2/BGaI 



AAV5/BGal 
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BGal Activity. 
(L-.U./mgxl06) 




□ 


No Heparin 


■ 


Plus Heparin 
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Blue Ce((s/ field 




V^lrway) ' 



Alveoli 



B AAV2/BGai 
□ AAVS/BGal 
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SEQUENCE LISTING 

<110> The Government of the United States of America, as 

represented by the Secretary, Department of Health and Human 
Services 

:Chiorini, John 
Kotiri, Robert M. 

Davidson, ..Elizabeth - 
Zabner, Joseph 



<120> ,AAV:5 VECTOR, FOR TRANSDUCING BRAIN CELLS AND- LUNG' CELLS 



J;,,- 



■<130>rl40l4.. 03'23P2 / ' ^.^^ :\ ■ - 
<141>^^!'00b-P3/-22C;r'"'^. > 

• .-/ri:..-. V; 

<isp> 23 , , ■ \, 

<170> Fast^EQ';f6r\^^ .Version 3 ,0 

'^-l " 4 
"<2io> 'IV ^-^ , ^- : ..^X " . . 
<2ll>^4652. S ^:■^J':^ySl■^^ r'^^r' " 

<2r2'> QlSEAi. ' ' 



•W<2M>' -Arti^f iciai\ S6'qifehcfe''''';yi i^v^irv' ^? ^ T 

<223>.^sp2y.ptioir^o^ 

./syntlietic^cSnsjtruct'"^^^^ T"- ^ '^■^•3v"'^^^'^^^.' •^ 

<4oo> i^'-j^r -.-f-^' ^'^1"^ ■' ; ^ ;1 V 

tggcactctc ccccctgtcg cgttcgctcg^ ctegctgg^^t, ^ ^60 

caaagagctg ccagacgacg gccctctggc cgtcgccccc ccaaacgagc cagcgagcga 120 

gcgaacgcga caggggggag agtgccacac tctcaagcaa gggggttttg taagcagtga 180 

tgtcataatg atgtaatgct tattgtcacg cgatagttaa tgattaacag tcatgtgatg 240 

tgttttatcc aataggaaga aagcgcgcgt atgagttctc gcgagacttc cggggtataa 300 

aagaccgagt gaacgagccc gccgccattc tttgctctgg actgctagag gaccctcgct 360 

gccatggcta ccttctatga agtcattgtt cgcgtcccat ttgacgtgga ggaacatctg 420 

cctggaattt ctgacagctt tgtggactgg gtaactggtc aaatttggga gctgcctcca 480 

gagtcagatt taaatttgac tctggttgaa cagcctcagt tgacggtggc tgatagaatt 540 

cgccgcgtgt tcctgtacga gtggaacaaa ttttccaagc aggagtccaa attctttgtg 600 

cagtttgaaa agggatctga atattttcat ctgcacacgc ttgtggagac ctccggcatc 660 

tcttccatgg tcctcggccg ctacgtgagt cagattcgcg cccagctggt gaaagtggtc 720 

ttccagggaa ttgaacccca gatcaacgac tgggtcgcca tcaccaaggt aaagaagggc 780 

ggagccaata aggtggtgga ttctgggtat attcccgcct acctgctgcc gaaggtccaa 840 

ccggagcttc agtgggcgtg gacaaacctg gacgagtata aattggccgc cctgaatctg 900 

gaggagcgca aacggctcgt cgcgcagttt ctggcagaat cctcgcagcg ctcgcaggag 960 

gcggcttcgc agcgtgagtt ctcggctgac ccggtcatca aaagcaagac ttcccagaaa 1020 

tacatggcgc tcgtcaactg gctcgtggag cacggcatca cttccgagaa gcagtggatc 1080 

caggaaaatc aggagagcta cctctccttc aactccaccg gcaactctcg gagccagatc 1140 

aaggccgcgc tcgacaacgc gaccaaaatt atgagtctga caaaaagcgc ggtggactac 1200 

ctcgtgggga gctccgttcc cgaggacatt tcaaaaaaca gaatctggca aatttttgag 1260 

atgaatggct acgacccggc ctacgcggga tccatcctct acggctggtg tcagcgctcc 1320 

ttcaacaaga ggaacaccgt ctggctctac ggacccgcca cgaccggcaa gaccaacatc 1380 

gcgg;aggcca tcgcccacac tgtgcccttt tacggctgcg tgaactggac caatgaaaac 1440 

tttcccttta atgactgtgt ggacaaaatg ctcatttggt gggaggaggg aaagatgacc 1500 

aacaaggtgg ttgaatccgc caaggccatc ctggggggct caaaggtgcg ggtcgatcag 1560 

aaatgtaaat cctctgttca aattgattct acccctgtca ttgtaacttc caatacaaac 1620 
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atgtgtgtgg tggtggatgg gaattccacg acctttgaac accagcagcc gctggaggac 1680 

cgcatgttca aatttgaact gactaagcgg ctcccgccag attttggcaa gattactaag 1740 

caggaagtca aggacttttt tgcttgggca aaggtcaatc aggtgccggt gactcacgag 1800 

tttaaagttc ccagggaatt ggcgggaact aaaggggcgg agaaatctct aaaacgccca 1860 

ctgggtgacg tcaccaatac tagctataaa agtctggaga agcgggccag gctctcattt 1920 

gttcccgaga cgcctcgcag ttcagacgtg actgttgatc ccgctcctct gcgaccgctc 1980 

aattggaatt caaggtatga ttgcaaatgt gactatcatg ctcaatttga caacatttct 2040 

aacaaatgtg atgaatgtga atatttgaat cggggcaaaa atggatgtat ctgtcacaat 2100 

gtaactcact gtcaaatttg tcatgggatt cccccctggg aaaaggaaaa cttgtcagat 2160 

tttggggatt ttgacgatgc caataaagaa cagtaaataa agcgagtagt catgtctttt 2220 

gttgatcacc ctccagattg gttggaagaa gttggtgaag gtcttcgcga gtttttgggc 2280 

cttgaagcgg gcccaccgaa accaaaaccc aatcagcagc atcaagatca- agcccgtggt 2340 

cttgtgctgc ctggttataa ctatctcgga cccggaaacg gtctcgatcg aggagagcct 2400 

gtcaacaggg cagacgaggt cgcgcgagag cacgacatct cgtacaacga gcagcttgag 2460 

gcgggagaca acccctacct caagtacaac cacgcggacg ccgagtttca ggagaagctc 2520 

gccgacgaca catccttcgg gggaaacctc ggaaaggcag tctttcaggc caagaaaagg 2580 

gttctcgaac cttttggcct ggttgaagag ggtgctaaga Gggcccctac cggaaagcgg 2640 

atagacgacc actttccaaa aagaaagaag-gct-cggaccg aagaggact'c caagccttcc 2700 

acctcgtcag acgccgaagc tggacccagc ggatcccagc agctgcaaat cccagcccaa 2760 

ccagcctcaa gtttgggagc tgatacaatg tctgcgggag gtggcggccc a'tbgggcgac ' 2820 

aataaccaag gtgccgatgg agtgggcaat* gcctcgggag attggcattg cgattccacg 2880 

tggatggggg acagagtcgt caccaagtcc acccgaacct gggtgctgcc -cagctacaac 2940 

aaccaccagt accgagagat caaaagcggc tccgtcgacg gaagcaacgc caacgcctac 3000 

tttggataca gcaccccctg ggggtacttt gactttaacc -gcttccacag ccactggagc 3060 

ccccgagact ggcaaagact catcaacaac tactggggct tcagaccccg gtccctcaga 3120 

gtcaaaatct tcaacattca agtcaaagag- gtcacggtgc- aggactceac caccaccatc 3180 

gccaacaacc tcacctccac cgtccaagtg tttacggacg acgactacca gctgccctac 3240 

gtcgtcggca acgggaccga gggatgcctg ccggccttcc ctccgcaggt ctttacgctg 3300 

ccgcagtacg gttacgcgac gctgaaccgc gacaacacag aaaatcccac cgagaggagc :'"3360 

agcttcttet gcctagagta ctttcccagc-aagatgctga-'gaacgggcaa caactttgag •-' 3420 

tttacctaca actttgagga ggbgcccttc' cactccagct tcgctcccag tcagaacctg 3480 

ttcaagctggcccaacccgct ggtgg^ccag- tacttgtacc'gcttcgtgag cacaaataac ' 3540 

actggcggag tccdgttcaa caagaacctg gccgggagat acgccaacac ctacaaaaac 3600 

tggttcccgg ggcccatggg ccgaacccag ^ggc€gga'acc 't^^^ ggtcaaccgc 3660 

gccagtgtca gcgccttcgc cacgaccaat aggatggagc tcgagggcgc gagttaccag 3720 

gtgcccccgc agccgaacgg catgaccaac aacctccagg gccigcaacac ctatgccctg 3780 

gagaacacta tgatcttcaa cagccagccg gcgaacccgg Vcaccaccgc cacgtacctc 3840 

Qagggcaaca tgctcatcac cagcgagagc: gagacgcagc "cggtgaaccg cgtg'gcgtac 3900 

aacgtcggcg ggcagatggc caccaacaac cagagctcca ccactgcccc cgcgaccggc '3960 

acgtacaacc- tccaggaaat cgtgcc.cggc agcgtgtgga tggagaggga cgtgtacctc '4020 

caaggaccca tctgggccaa gatcccagag acgggggcgc actttcaccc ctctccggcc 4080 

atgggcggat tcggactcaa acacccaccg 'cccatgatgc tcatcaagaa cacgcctgtg -"4140 

cccggaaata tcaccagctt ctcggacgtg cccgtcagca gcttcatcac ccagtacagc 4200 

accgggcagg tcaccgtgga gatggagtgg' gagctcaaga ^-aggaaaactc caagaggtgg - 4260 

aacccagaga tccagtacac aaacaactac aacgaccecc agtttgtgga ctttgccccg 4320 

gacagcaccg gggaatacag aaccaccaga^^'cctatcggaa 'ccGgaLtacct tacccgaccc* -4380 

ctttaaccca ttcatgtcgc ataccctcaa taaaccgtgt ^attcgtgtca. gtaaaatact 4440 

gcctcttgtg gtcattcaat gaataacagc ttacaacatc tacaaaacct ccfctgcttga- -4500 

gagtgtggca ctctcccccc tgtcgcgttc gctcgctcgc tggctcgttt gggggggtgg ' 4560 

cagctcaaag agctgccaga cgacggccct ctggccgtcg cccccccaaa cgagccagcg 4620 

agcgagcgaa cgcgacaggg gggagagtgc ca 4652 

<210> 2 • ' ' 

<211> 390 ■ - ; 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /Note = 
synthetic construct 

<400> 2 

Met Ala Leu Val Asn Trp Leu Val Glu His.Gly.Ile Thr Ser* Glu Lys 
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1 5 10 15 

Gin Trp lie Gin Glu Asn Gin Glu Ser Tyr Leu Ser Phe Asn Ser Thr 

20 25 30 

Gly Asn Ser Arg Ser Gin lie Lys Ala Ala Leu Asp Asn Ala Thr Lys 

/ 35 40 45 

He Met Ser Leu Thr Lys Ser Ala Val Asp Tyr Leu Val Gly Ser Ser 

50 " . 55 60 , 

Val Pro Glu Asp lie Ser Lys Asn Arg He Trp Gin He Phe Glu Met 
65 . : 70 75 80. 

Asn Gly Tyr. Asp Pro Ala Tyr Ala Gly Ser He Leu Tyr Gly. Trp. Cys 

.85 90 ir 95 

Gin Arg Ser Phe Asn Lys Arg Asn Thr Val Trp Leu Tyr Gly Pro Ala 

10.0 , y. ... ,105 . . . ' - 110 ., : 

Thr Thr Gly Lys Thr Asn- lie Ala Glu Ala .He Ala His. Thr Val Pro 

115 . ; . . v-j r 120.;..- ; - 125- : - • ^ 

Phe Tyr Gly Cys Val . Asn r Trp .Thro Asn ..GJu ,A3n.:i Phe Pro-Phe:=Asn Asp 
^-30..:; " " -;.:.;;> 43 5i,. :'/.y:>';-^ -5:;;;. vl40 0. : J-:,.,: ■'■r^ 
Cys Val "Asp .Lys Met ^Lei^ 'lle^Trp-Trpr'Glu ,Glur;Gly Lys Met Thr. Asn . 
;145 . ;:...5ri50.p3 Ir. ly^ ?:,-^ ;^i55..-." . - ;,160,:/ 

Lys Val.- Val .ciu Ser Ai.a il<ys ^Ala -.lie-Leu^Gly Gly Ser Lys.^VaL- Arg: . ; .:: 
:165'' oi^v- i"-:^r 170 • -.r, ^-V- - 175, - c ■ ^ ^ 

Val Asp Gin- Lys Cys Lys Ser -Ser Val-Gln- Ile^ Asp Ser Thr; Pro Val: 

. '\1BQ ; -..>.^ ,185:.r := . ,.,.-190- .r- . .r ^ 

He Vai -Thr. Ser = Asn Thr . Asn Met -Gyg -Val „'Val V^l Asp: Gly Asn Ser . 

^. .'195.;''; / :;-200-. v-..^. ,[ ] 205-.-. - -.i^o 

Thr Thr Phe -Glu His Gln Gln Pro, Leu -Glu, -.Asp Arg Met 'Phe Lys.. Phe . ' 

210^. , . :^r.-215v;ic-.': ^ ^ V. " • 220 ... ^ • • . 

Glu Leu. Thr; Lys Arg Leu :Pro-Prp - Asp.^Plie- Glyi^L^s He ,:.Thrr..Lys . Gin - 
,225 -£ \i,-23^ri.. ^ v..;; -i:;vT; :y ..:235 v '' nr-'n^v;- 240 ■ 

^lu Val Lys .^i^p ^p Gln..yal:Pro Val 

Thr His Glu .P^e Lys ■ Val -P;rQ A2;g~GlUiLeu Ala-^^^ Thr Lysr.Glyc Ala . .. 

Glu Lys Ser Leia ,Lys 'Ar.i^;r:Pro.:Le^rGl^ Thr Asn:;Thr-SeroTyr' . 

I •" -:2j75 ... '7->-V : '^^ i-': o 285 - 

Lys Ser Leu Glu Lys .Arg - Ma ■Aji'^g PrOnGlu Thr Pro: 

- 290-:. J ■ 295 ' ..n 100 .: . ^ ^ rr 

•Arg Ser Serv-Asp Val . Thr Val;'Asp ..ProrAla ;.Pro* Leu Arg. Pro Leu Asn 

:305 , , o;:-.^1.0 . .^^ : . -315 .... o \ 3v. V ^320 

;.Trp Asn Ser^Arg Tjrir Asp Cys J^ysXyarAsp-TiyrvHis Ala Gin Phe ^ Asp -' ' ^ • 

, r.'- 125-. '^ '•y^:}^.^f33rO^-..or.--..yr ; ..;-'.-:335.-v 

Asn lie. Ser . Asn . .Lys ;Gys .A*^^^ Asn Arg Gly Lys - 

)e.:T..-3j4P ^f- ■ : : r-. ..-^ .;. 345 j •, 350rr . . ^ - 

Asn Gly* Cys . lie -Cjys .Hi.s ..Asn.r^^i./riir His CyscGln He vCys : His Gly . 

^.-0.35.5;.' : 1.^ -:^;6Q,.."= : ^ ■ ,j ' ; 365- ■ - - 

He Pro^Pro> Trp Glu.. Lys>;:Glu Asn Leu :Ser^ Asp iPhe Gly .Asp Phe Asp^ - 

370.,,3:.,.-,,^-.; -^^ :-.:;375i- ■ ..■ , " 38Q.. 

Asp Ala Asn -Lys Qlu/Glnr.* - . j: : , - . -^J, ■- 

■385 V: ^-.v-^-: ... : ■ 3;90:-; ■; • \ ■ . .^^^ •) ' 

\. " <2lb> 3 ' ' ' ' ' " ^' ..-i'--- ^■■.u;:r-'.: 

<211> 610 

<212> PRT V : 

<213> Artificial Sequence 

<220> ' '] ' 

<223> Description of Artificial Sequence: /Note = 
synthetic construct 

<400> 3 

Met Ala Thr Phe Tyr Glu Val He Val Arg Val Pro Phe Asp Val Glu 

1 5 10 15 

Glu His Leu Pro Gly lie Ser Asp: Ser Phe Val Asp Trp Val Thr" Gly 
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20 25 . 30 

Gin lie Trp Glu Leu Pro Pro Glu Ser Asp Leu Asn Leu Thr Leu Val 

35 40 45 

Glu Gin Pro Gin Leu Thr Val Ala Asp Arg He Arg Arg Val Phe Leu 

50 55 * 60 

Tyr Glu Trp Asn Lys Phe Ser Lys Gin Glu Ser Lys Phe Phe Val Gin 
^5 70 75 80 

Phe Glu Lys Gly Ser Glu Tyr Phe His Leu His Thr Leu Val Glu Thr 

85 90 95. 

Ser Gly He Ser Ser Met Val Leu Gly Arg "Tyr Val Ser Gin He Arg 

100 105 110' 

Ala Gin Leu Val Lys Val Val Phe Gin Gly He Glu Pro Gin He Asn 

115 120 125 

Asp Trp Val Ala He Thr Lys Val Lys Lys Gly Gly Ala Asn Lys Val 

130 135 140 

Val Asp Ser Gly Tyr He Pro Ala Tyr Leu Leu Pro Lys Val Gin Pro 

150 155 160., 

Glu Leu Gin Trp Ala Trp Thr Asn Leu Asp Glu Tyr Lys Leu .Ala Ala 

165 170 - ' ' '115 ' 

Leu Asn Leu Glu Glu Arg Lys Arg Leu Val Ala Gin Phe Leu Ala Glu 

180 185 . 190 ■ 

Ser Ser Gin Arg Ser Gin Glu Ala Ala Ser Gin Arg' Glu Phe'ser Ala 

195 200 - 205' ' 

Asp Pro Val He Lys Ser Lys Thr Ser Gin Lys Tyr Met Ala Leu Val 

210 215 220 

Asn Trp Leu Val Glu* His Gly lie Thr Ser Glu ^ Lys Gin Trp • He Gin 
225 230 235 240 

Glu Asn Gin Glu Ser Tyr Leu 'Ser -Phe Asn Ser Tfir Gly Asn Ser Arg 

245 250- ' . 255, 

Ser Gin He Lys Ala Ala he\i' Aip- Asn'' Al^a-"^ ' 
260 _ : 265 ; 270 ' : 

Thr Lys Ser 'Ala * Val 'Asp ''Pyf Leu Val Gly Ser Ser ^ Val 'Pro Glu-Asp ' 

275 280 ■ 28.5 

He Ser Lys Asn Arg -He Trp Gin lie 'Phe ■Glu- Met Asp 

290 295 300 

Pro Ala Tyr Ala Gly Ser He* Leu Tyr Gly Trp ' Cys Gin Arg Ser Phe 
305 310 315 320 

Asn Lys Arg Asn Thr^Val Trp Leu^ Tyr bly-'Prb Ala Thr Thr Gly 'iys ' 

325 330 335 

Thr Asn He Ala Glu Ala lie Ala- His Thr-' Val Pro Phe Vyr Gly Cys - 

340 345 . _ ' ' ' _ . 350, 

Val Asn Trp Thr Asn Glu Asn Phe Pro Phe Ash-*Asp *Cys Var Asp Lys ' 

355 360 . .365 

Met Leu He Trp Trp Glu Glu Gly"* Lys Met "Thr''*Asn Lys Val Val Glu' 

370 375 . 380 

Ser Ala Lys Ala lie Leu Gly Gly Ser Lys Val Arg ' Val Asd ' Gln^ Lys' 
385 390 395- 400 

Cys Lys Ser Ser Val Gin He Asp Ser Thr Pro Val He Val Thr Ser 
405; - ■ ' 416 ; ■ ' - ■ 415 - ^■ 

Asn Thr Asn Met- Cys- -Val Val -Val Asp-lsly' Xsn Ser" ''Thr 'Thr Phe Glu 
420 ^ ^ . 425 430 

His Gin Gin Pro Leu Glu Asp Arg Met Phe Lys Phe Glu Leu Thr Lys 

435 ■ * ' ■ 440 ' 445 ' ' 

Arg Leu Pro Pro Asp Phe Gly Lys He Thr Lys Gin Glu Val Lys Asp 

450 455 460 

Phe Phe Ala Trp Ala Lys Val Asn Gin Val Pro Val Thr His Glu Phe 
465 470 475 480 

Lys Val Pro Arg Glu Leu Ala Gly Thr Lys Gly Ala Glu Lys Ser Leu 

485 - 490 \ 495 

Lys Arg Pro Leu Gly Asp Val Thr Asn Thr Ser 'Tyr Lys Ser Leu Glu ' 
500^ ' ' * - 505'-' " ' 510 ' 
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Lys 


Arg 


Ala Arg 


Leu 


Ser Phe Val 


Pro 


5 

Glu 


Thr 


Pro 


Arg 


Ser Ser 


Asp 






515 




52Q 










525 






Val 


Thr 


Val Asp 


Pro 


Ala Pro Leu 


Arg 


Pro 


Leu 


Asn 


Trp 


Asn Ser 


Arg 




530 






535 








540 








Tyr Asp 


Cys Lys 


Cys 


Asp Tyr His 


Ala 


Gin 


Phe 


Asp 


Asn 


He Ser 


Asn 


545 








550 ' 






555 








560 


Lys 


Cys 


Asp Glu 


Cys 


Glu Tyr Leu 


Asn 


Arg 


Gly 


Lys 


Asn 


Gly Cys 


He 








555 






570 








575 




Cys 


His 


Asn Val 


Thr 


His Cys Glri 


He 


Cys 


His 


Gly 


He 


Pro Pro 


Trp 






580 






585 










590 ^ 




Glu 


Lys 


Glu Asn 


Leu 


Ser Asp Phe 


Gly 


Asp 


Phe 


Asp 


Asp 


Ala Asn Lys 






595 














605 







Glu Gin 



610 , , , . . ; - . ^ : , . 

<210> 4 , ' , . ■: . 

<211>; 724 - : ■ ' ^ . ^ 

<212:>: PRT i^:.. ...^ 

<213> Artificial Sequence 

<220>-''' " ' ' ^ ^" ' ;:v ' 

<223> description o£ Artificial Sequence: /Note 
synthetic construct ' ' ' 

<400> 4 ' ' " ' - - \ ' 

Met Ser Phe Val Asp His Pro Pro Asp Trp Leu Glu Glu Val Gly Glu 

1 . , ' 5 , . 10 15 

Gly Leu Arg Glu Phe Leu Gly.7Leu.i:.Glu /^la Gly,:,Pra Pro Lys Pro Lys / 

" 20/ " ' ' ' ' 25.^:-- ^' ' " " 30;!. \ . . 

Pro Asn Gin Gin *His .Gin Asp Gin rAla- Arq Val Leu Pro Gly 

35 " ■ ''40 ' "^"'^ " 45'^^" " : 

Tyr Asn Tyr. Leu ciy Pro .Gly^jAsi^/ Gly .vLe'u A^p Arg . Gly >Gl:U tPrQ^^Val,. - 

50 ^' ^ " ^^3^55' ' - • - - 60 ^ 

Asn Arg Ala Asp. Glu Val, .AlaTArg-Gi^jjJIis: Asp^ I Ser Tyr Asn Glu ^ 
65 70 ' ;* ' 75 80 

Gin Leu Glu Ala Gly Asp ^ Asn - Pro, Tyr Leu Lys Tyr, -Asn His Ala- Asp ^ 

\ 85" ' ^ r ' "90 * , - 95 

Ala Glu Phe Gin Glu Lys- -Leu Al^ Asp -^sp Thr Ser Phe Gly Gly Asn 

'" loo . - ^ ^ 1^% '.: ' ' ' ' Hp 

Leu Gly Lys Ala Val Phe Gln/.Ala'LyS'.Lys Arg ^Val Leu .Glu. Pro Phe " 

115 ' 120 : ^ 125^ J', - 

Gly Leu Val. Glu Glu iSly Ala Lys .Thr- Ala,;Pro . Thr Gly Lys. Arg lie : , 

130 ' ■ ;^a35^' ^ " • ' ' ' ;;i4o ' ' . 

Asp Asp His , Phe Pro Lys .Arg -Lys Ly^ Ala Arg "Thr Glu Glu Asp, Ser- - - - 
145 ' ' ' ^150'*' '155 ' ; ' 160 ' 

Lys Pro Ser Thr Ser Se3;.,Asp Ala Glu Ala Glyr-Pro -Ser Gly Ser Gin ; 

; ' 165 ' ^'170 - ■ ■ ' 175 ^ 

Gin Leu Gin lie Pro Ala Gin Pro Ala Ser Ser^Leu Giy Ala Asp Thr 

I8O' ' 185 190 

Met Ser Ala Gly- Gly Gly Gly Pro .Leu Gly Aapr Asn Asn- Gin Gly Ala , , t • 

195 ; ^ 20*0 205 

Asp Gly Val Gly Asn Ala Ser Gly Asp Trp His Cys Asp Ser Thr Trp 

210 . 215 • - . : - 220 ^ . - -1 

Met Gly Asp Arg Val Val Thr Lys Ser Thr Arg Thr Trp Val Leu Pro 
225 230 . 235 . 240 

Ser Tyr Asn Asn His Gin Tyr Arg Glu He Lys Ser Gly Ser Val Asp 

245 i ^ 250 , 255 

Gly Ser Asn Ala Asn Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr 

260 265 . . 270 

Phe Asp Phe Asn Arg Phe His Ser His Trp Seir Pro Arg Asp Trp Gin 

275 , , ^ 280 . .: ; . , 285 . , 

Arg Leu lie Ash Asn Tyr Trp Gly Phe Arg Pro Arg Ser Leu Arg Val 
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290 295 300 

Lys He Phe Asn He Gin Val Lys Glu Val Thr Val Gin Asp Ser Thr 
305 310 315 320 

Thr Thr He Ala Asn Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp 

325 330 335 

Asp Asp Tyr Gin Leu Pro Tyr Val Val Gly Asn Gly Thr Glu Gly Cys 

340 345 350 

Leu Pro Ala Phe Pro Pro Gin Val Phe Thr Leu Pro Gin Tyr Gly Tyr 

355 360 365 

Ala Thr Leu Asn Arg Asp Asn Thr Glu Asn Pro Thr Glu Arg Ser Ser 

370 375 380 

Phe Phe Cys Leu Glu Tyr Phe Pro Ser Lys Met Leu Arg Thr Gly Asn 
385 390 395 400 

Asn Phe Glu Phe Thr Tyr Asn Phe Glu Glu Val Pro Phe His Ser Ser 

405 ' ■ 410 ' 415 

Phe Ala Pro Ser Gin Asn Leu Phe Lys Leu Ala Asn Pro Leu Val Asp 

■420 ■ ^ ' - • 425 * ' ' ^ 430 

Gin Tyr Leu Tyr Arg Phe Val Ser Thr Asn Asn Thr Gly Gly Val Gin 

435 ' ' ' -"^440 ^ ^- ' ' us' ' ' ^- ' 

Phe Asn Lys Asn Leu' Ala Gly Arg Tyr Ala Asn Thr Tyr Lys Asn Trp 
450- - - .^55 ... \ ;^gQ 

Phe Pro Gly Pro Met Gly Arg Thr Gin Gly .Trp Asn Leu Gly Ser Gly 

465 ' - : - . 47q: _ ... / 480 

Val Asn Arg Ala Ser Val Ser Ala. Phe Ala Thr Thr Asn Arg Met Glu 

• - 485" - = ' 490' " 495 

Leu Glu Gly Ala Ser Tyr Gin Val Pro .Pro Gin Pro Asn Gly Met Thr 

- 500 . , - = - 505 . - ' ^ ' * ' 510 , 

Asn Asn Leu Glri Gly Ser. Asn Thr Tyr "Ala Leu Glu Asn Thr Met He . 

515 ' ' '"•'520-'' '-^-^ - ' ■.525" • ' , ' ' ' ' 

Phe Asn Ser Gin Pro'' ' Ala , Asn Pro Gly Thr Thr Ala Thr Tyr Leu Glu 

530 ■ ^'"^ ■":535-^- --^540'^ ' ^ " ' 

Gly Asn Met Leu He Thf Ser Glu Ser Glu Thir.Gln Pro Val Asn Arg 
545 ;■: * "'^ '^'550 . ; " -555 ' "v; ' ' ' 560 

Val Ala Tyr Asn Val Gly Gly Gin Met Ala Thr Asn Asn Gin Ser Ser 

565 .570 575 

Thr Thr Ala Pro Ala Thr Gly Thr Tyr' Asn Leu^Gln Glu He Val Pro 

580 . ' 585. 590 

Gly Ser Val Trp ..Met' Glu Arg' Asp Val".' Tyr Leu Gin Gly Pro He Trp 
595 ^' 600 • 605 

Ala Lys lie Pro' Glu. Thr "Gly Ala' His" Phe His Pro Ser ^ Pro -Ala" Met 
610 , , 615 . 620 . " ^ 

Gly Gly^'Phe Gly Leu Lys His Pro' Pro Pro' Met -Met Leu He' Lys Asn ' ^ 

625 630 .635 ' . . 640 

Thr Pro Val' Pro Gly Asn He Thr Ser Phe^ Ser* Asp Val' Pro Val Ser ' ^ : 
645 650 . 655 

Ser Phe He Thr Gin Tyr Ser Thr Gly Gin Vai ' Thr Val -Glu^Met Glu 
'660.. '665 . .. ■ 670 

Trp Glu' Leu- Lys Lys Glu" Asn ' Ser Lys Arg Trp- Asn- Pro' Glu -xre Gin - ' 
675 . - 680 . ■ 685 - ' • 

Tyr Thr Asn- Asn Tyr . Asil' Asp Pro Gin ' Phe Vai 'Asp Phe' Ala Pro 'as£> - 
690 , 695 ' ' 700 

Ser Thr Gly Glu Tyr- Arg: Thr' Thr^Arg^'Prb He Gly Thr Ar^ Tyr' Leu 

705 710 715 720 

Thr Arg Pro "Leu ' ' ■ " . ^ ^ 



<210> 5 
<211> 588 
<212> PRT 

<213> Artificial Sequence * 



<220> 
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<223> Description of Artificial Sequence: /Note = 
synthetic construct 

<400> 5 

Thr Ala Pro Thr Gly Lys Arg" lie Asp Asp His Phe Pro Lys Arg Lys 

1 5 . 10 .15 

Lys Ala Arg Thr Glu Glu Asp Ser Lys Pro Ser Thr Ser Ser Asp Ala 

20. 25 30 . 

Glu Ala Gly Pro Ser Gly Ser Gin Gin Leu Gin He Pro Ala Gin Pro 

35 , . 40 . 45 . . . 

Ala Ser Ser Leu Gly Ala , Asp Thr Met Ser Ala Gly Gly Gly Gly Pro 

50 55 • 60 . . . 

Leu Gly Asp Asn Asn Gin Gly Ala Asp Gly Val Gly Asn Ala Ser Gly 
65 70 ,75 , 80 
Asp Trp His Cys Asp Ser Thr Trp Met Gly Asp Arg Val,^Val 'f'hr ' Lys 

- . ' 85 _.„- , , ...90....-./ • . -.55 . , 

Ser Thr ^g' Thr Trp "Val Leu Pro Ser 'TEVir 'Asn Ash Mi's Gln/Tyr Arg^ 

100 : . , .:.105:;;- . , , . , , ... .iid .p , . 

Glu lie Lys Ser Gl^ -Ner val ^^'^^ Phe 

11?.. . . . ..... ^120 , . , : 125. . . . ;\ 

Gly Tyr Set Thr Pro TrpVfely'^^yr'^he Asp PhelAsh Arg Phe His'Ser,; 

130 . , . ,135 , , ; .'. '140 ... . ; 

His Trp Ser Pro Arg Asp Trp dlri^Arg Leu lie Asn Asfi Tyr trp Gly 

145 , . .150^.. . :. . . .-155_, ... 160 , 

Phe Arg Pro Ar^ "6er Leu Arg Val Lys tie Phe Asn i Lys 

.165, ^ ,; . 170,, . . r ,175 

Glu Val" Thr Val -bin Asp Ser* Thr Thr; Thr "lie Ala Asn Asn. Leu Thr 

... 180 ; - . i^'lS^/T • v,^ ' 'ISp'/.' - 

Ser Thr Val (31n Valr Phe Thr "Asp Asp ''Asp ^Id^'' din Leu 

195^,, .:.200:. ..rn - ■ .;205„,. 

Val Gly Asn Gly "Thr Glu . Gly Cys Leii" Pro "' Al^,^ Pro Gin Val 

210. . '/-SIS...... ^'"220^,., ...... , ^ 

Phe Thr lieu Pro Gin Tyr" 6ly.iTyr "AlaMrhr Leu''Ash\Arg ' Asp Asn Thr - 

225 .-230^, ..r- :235... ^^.^ . .240. , 

Glu Asn Pro Thr Glu Arg Se?: Ser*£>he. .Cys Leu Glu Tyr Phe -Pro 

"245 ^ * • 250 ^ ~ ' , ,,255" 

Ser Lys Met Leu Arg Thr Gly Asn Asn Ph^.^Glu Phe Thr.. Tyr Asn Phe 
260^ \ ' ' ^265 ' ^ ■'27d 

Glu Glu Val Pro Phe. His . Ser . Ser ,Phe A.la< Pro Ser Gin Asn,,i;jeu Phe 
275 * ^- : 280 ' - ^ • ^. 285' . ■ 

Lys Leu Ala Asn. Pro Leu" Val Asp Gln.^yyr Leu.'^yr Arg Phe Val Ser' 

29.0 ' ' 295^ — - . 

Thr Ash; Asn. Thr Gly Gly Val ^ Gin. Phe Asn. Lys Ash Leu Ala. Gly Arg.. 
305 310 ' ' ^ 315 * ... ; 320 

Tyr Ala Asn Thr Tyr Lys. Asn -Trp ' Phe - Pro . Gly Pro Met Gly. Arg Thr 

325 ' >330 ' * .335 ' 

Gin Gly Trp Ash Leu Gly . Ser . Gly. Val Asn Arg. Ala .-Ser . Val ' Ser Ala 

340 "^ 345 . ; ' ^ ' ' 350 ! V- 

Phe Ala. Thr Thr Asn Arg Met Glu Leu Glu Gly Ala Ser Tyr.. Gin Val 

355 ■ ' ...^ " 360* : ' 365* " ' . 

Pro Pro- Gin Pro Asn Gly Met- Thr Asn Asn Leu/Gln .Gly Ser. Asn Thr - 

370 " 375 380; .: ' ' ■ ^ 

Tyr Ala Leu Glu Asn Thr Met lie Phe Asn Ser Gin Pro Ala Asn.. Pro , 
385 390 395 400 

Gly Thr Thr Ala Thr Tyr Leu Glu Gly Asn Met Leu He Thr Ser Glu 

405 410 415 

Ser Glu Thr Gin Pro Val Asn Arg Val Ala Tyr Asn Val Gly Gly Gin 

420 425 430, 

Met Ala Thr Asn Asn Gin Ser Ser Thr Thr Ala Pro Ala Thr Gly Thr 

435 440 445 

Tyr Asn Leu Gin Glu He Val Pro Gly Ser Val Trp Met Glu Arg Asp 
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Val 


450 






455 








460 




Tyr 


Leu Gin 


Gly Pro 


lie 


Trp 


Ala 


Lys 


lie Pro Glu 


Thr Glv Ala 


465 






470 










475 


480 


His 


Phe 


His Pro 


Ser Pro 


Ala 


Met 


Glv 


Glv 


Phe Gly Leu 


Lvs Hi s Pro 








485 








4'90 




495 


Pro 


Pro 


Met Met 


Leu lie 


Lvs 


Asn 


Thr 


Pro 


Val Pro Glv 


Asn lie Thr 






500 








505 




510 


Ser 


Phe 


Ser Asp 


Val Pro 


Val 


Ser 


Ser 


Phe 


lie Thr Gin 


Tvr Spr Thr 






515 = 






520 






525 


Gly Gin Val Thr 


Val Glu 


Met 


Glu 




Glu 


TjPU XtVC; TiV^ 


Ol 11 Aqti CJeav- 
OJLLx jnsii .OCX. 




530 






535 








540 


Lys 


Arg 


Trp Asn 


Pro -Glu 


lie 


Gin 


Tyr 


Thr 


Asn Asn Tyr 


Asn Asp Pro 


545 






550 










555 


" 560 


Gin 


Phe 


Val Asp 


Phe Ala 


Pro 


Asp 


Ser 


Thr 


Gly Glu Tyr 


Arg Thr Thr 








565 








570 


- 575 


Arg 


Pro 


<Ile Gly 


Thr Arg Tyr 


Leu 


Thr 


Arg 


Pro Leu 








580 








585 







<211> 532 

<212> PRT ' - . . ^ , . ; : -J < - . -■ 

<213> Artificial Sequence " 

<220> 

<223> Description of Artificial Sequence : /Note = 
synthetic construct ' * 

<400> 6 ^- ' ' • ' ''-^ I . ■ . ^ 



Met 


Ser Ala Gly 


Gly 


Gly 


Gly 


Pro 


lieu 


Gly 


Asp Asn 


Asn 


Gin Gly Ala 


. 1 








5 










10- 










Asp Gly Val 


Gly 


Ash 


Ala 


Ser 


Gly 


Asp 


Trp 


His 


Cys 


Asp 


Ser Thr Trp 






* - . • 


20- 










25' 






30 , . 


Met 


Gly Asp Arg 


Val 


Val 


Thr 


Lys 


Ser 


Thr 


'?ixg Thr 


Trp 


Val Leu Pro . 






35 










40 










45 


Ser 


Tyr 


Asn 


Asn 


His 


Gin 


Tyr 


Arg 


Glu 


He 


Lys 


Ser 


Gly 


Ser Val Asp 




50 










55 










60 






Gly Ser Asn Ala 


Asn 


Ala 


Tyr 


Phe 


Gly 


Tyr 


Ser 


Thr 


Pro 


Trp' Gly Tyr. 


65 










70 










75 






80'- 


Phe 


Asp 


Phe 


Asn 


Arg 


Phe 


His 


Ser 


His 


Trp 


Ser- 


Pro 


Arg 


Asp Trp Gin 










85 










90 










Arg 


Leu 


He 


Asn 


Asn 


Tyr 


Trp 


Gly 


Phe 


Arg 


Pro 


Arg 


Ser 


Leu Arg Val . 








100 










105' 










lib' ' / ' 


Lys 


He 


Phe 


Asn 


He 


Gin 


Val 


Lys 


Glu 


Val 


Thr' 


Val 


Gin 


Asp Ser Thr 


Thr 




115 










120 










125 


Thr 


He 


Ala 


Asn 


Asn 


Leu 


Thr 


Ser 


Thr 


Val 


Gin 


Val 


Phe Thr Asp 




130 










'135 










140 






Asp Asp' 


'Tyr Gin 


Leu- 


Pro 


Tyr 


Val 


Val 


Gly 


Ash Gly 


Thr 


Glu Gly Cys 


145 










150 










155 






• : ' - " .160 


Leu 


Pro. 


Ala 


Phe 


Pro 


Pro 


Gin 


Val 


Phe 


Thr 


Leu Pro 


•Gin 


Tyr' Gly T^r 










165 










170 








i 175' • 


Ala 


Thr 


Leu 


Ash 


Arg 


Asp 


Asn 


Thr 


Glu' 


Asn' 


Pro 


Thr 


Glu 


Arg "Ser* Sfer 


Phe 






ISO 










IBS'- 










190 


Phe 


Cys 


Leu 


Glu 


"Tyr 


^Phe 


Pro 


Ser Lys 


Met 


Leu 


Arg 


Thr ^Gly Asn ' 






195 










200 










205 


Asn 


Phe 


Glu 


Phe 


^Thr 


Tyr Asn 


Phe' 


Glu' 


Glu 


Val 


Pro 


Phe 


His Ser Ser 




210 










215 










220 






Phe 


Ala 


Pro 


Ser 


Gin 


Asn 


Leu 


Phe 


Lys 


Leu 


Ala 


Asn 


Pro 


Leu Val Asp 


225 










230 










235 






' 240 


Gin 


Tyr 


Leu 


Tyr 


Arg 


Phe 


Val 


Ser 


Thr Asn 


Asn 


Thr 


Gly 


Gly Val Gin 










245 










250 








255 


Phe 


Asn 


Lys 


Asn 


Leu 


Ala Gly 


Arg 


Tyr- Ala 


Asn- 


Thr- 


Tyr 


Lys" Asn Trp 








260 










265 










270 
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Phe Pro Gly Pro Met Gly Arg Thr Gin Gly Trp Asn lieu Gly Ser Gly 

275 280 . 285 

Val Asn Arg Ala Ser Val Ser Ala Phe Ala Thr Thr Asn Arg Met Glu 

290 295 300 

Leu Glu Gly Ala Ser Tyr Gin Val Pro Pro Gin Pro Asn Gly Met Thr 

,310 315 320 

Asn Asn Leu Gin Gly Ser Ash Thr Tyr Ala Leu Glu Asn Thr Met lie 

325 330 335 

Phe Asn Ser Gin Pro Ala Asn Pro Gly Thr Thr Ala Thr Tyr Leu Glu 

340 .345 350 

Gly Asn Met Leu He Thr Ser Glu Ser Glu Thr Gin Pro Val Asn Arg • 

355 . 360 . . .365 ' , 

Val Ala :Tyr Ash Val Gly Gly Gin Met Ala Thr Asn .Asn Gin Ser Ser 

370 375 , 380 ■ . ' . 

Thr Thr Ala Pro Ala Thr Gly Thr Tyr Asn Leu Gin Glu He Val Pro 
385 ' 390 . - , - 395 . - / 400 

Gly Ser Val Trp Met Glu Arg Asp Val Tyr Leu Gin Gly Pro ,rle Trp 

405 410 415 

Ala Lys He Pro Glu Thr Gly Ala His Phe His Pro Ser Pro Ala lyTet 

420 425 430 

Gly Gly Phe Gly Leu Lys His Pro Pro Pro Met Met Leu He Lys Asn .- 
435 440 . ~ 445 . -V . - . 

Thr Pro Val Pro Gly Asn He Thr Ser Phe Ser Asp' Val Pro Val Ser 
450 455 460 



Ser Phe He Thr Gin Tyr Ser Thr* Gly Gin Val Thr. -Val Glu Met Glu 
4S5 470 475 480 

Trp Glu Leu Lys Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu He Gin 

485 . , .... . 490 , .. . , 495 

Tyr Thr Asn Asn Tyr Asn Asp Pro Glh Phe Val Asp Phe Ala Pro Asp 



50.0 



505 



Ser Thr Gly Glu T^r Arg Thir Thr Arg Pro lie Gly Thr 'Arg ^r Leu 

515 ..... 520 .... ■ , - . 525 ; . . 

Thr Arg Pro Leu ' " ^ " '''' ' ' ' 

530 



.510 



<210i> 7 " ^ . • 

<211> .2307 , ^ ... • . . 

<212> DNA ' " ' ' " "1^ ■ H ' -.^ ^ - - • ■ * 

<213.> Artificial Sequence , . * . • ^ ^ ^ . • " . 

<22p> „ ; _ ... ^ . , ^ . ; • , r - * 

<223> Description of Artificial Sequence : /Note = 

- synthetic construct , - v • *. - ■ ly 

<400> 7 ,.. - \ . , - . .^ < ' . ^ , 

aggctctcat ttgttcccga gacgcctcgc agttcagacg tgactgttga tcccgctcct- 60 

ctgcgaccgc tcaattggaa ttcaagtaaa,. taaagcgagt agtcatgtct tttgttgate... . 120 

accctccaga^ttggttggaa gaagttggtg'aaggtcttcg cgagtttttg ggccttgaag ..ISO 

cgggcccacc gaaaccaaaa cccaatcagc agcatcaaga tcaagcccgt-ggtcttgtgcr .240 

tgcctggtta t^actatctc ggacccggaa'acggtctcga tcgaggagag; cctgtcaaca 300 

gggcagacga . ggtcgcgcga . gagcacgaca tctcgtacaa cgagcagctt gaggcgggag - ..360 

acaaccccta cctcaagtac aaccacgcgg acgccgagtt tcaggagaag ctcgccgacg 420 

acacatcctt cgggggaaac ctcggaaagg cagtctttca ggccaagaaa. agggttetcg . , 480 

aaccttttgg cctggttgaa gagggtgcta agacggcccc taccggaaag cggatagacg 540 

accactttcc aaaaagaaag aaggctcgga ccgaagagga ctccaagcct tccacctcgt .. 600 

cagacgccga agctgga'ccc agcggatccc agcagctgca aatcccagcc caaccagcct 660 

caagtttggg agctgataca atgtctgcgg gaggtggcgg cccattgggc gacaataacc 720 

aaggtgccga tggagtgggc aatgcctcgg gagattggca ttgcgattcc acgtggatgg 780 

gggacagagt cgtqaccaag tccacccgaa • cctgggtgct gcecagctac aacaaccacc „ 840 

agtaccgaga ' gatcaaaagc ggctccgtcg acggaagcaa cgccaacgcc tactttggat 900 

acagcacccc .ctgggggtac tttgactjtta accgcttcca cagccactgg agcccccgag 960 

actggcaaag actcatcaac aactactggg gcttcagacc ccggtccctc agagtcaaaa 1020 
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tcttcaacat 
acctcacctc 
gcaacgggac 
acggttacgc 
tctgcctaga 
acaactttga 
tggccaaccc 
gagtccagtt 

cggggcccat 

tcagcgcctt 
cgcagccgaa 
ctatgatctt 
acatgctcat 
gcgggcagat 
acctccagga 
ccatctgggc 
gattcggact 
atatcaccag 
aggtcaccgt 
agatccagta 
ccggggaata 
ccattcatgt 



tcaagtcaaa 
caccgtccaa 
cgagggatgc 
gacgctgaac 
gtactttccc 
ggaggtgccc 
gctggtggac 
caacaagaac 
gggccgaacc 
cgccacgacc 
cggcatgacc 
caacagccag 
caccagcgag 
ggccaccaac 
aatcgtgccc 
caagatccca 
caaacaccca 
cttctcggac 
ggagatggag 
cacaaacaac 
cagaaccacc 
cgcataccct 



gaggtcacgg 

gtgtttacgg 

ctgccggcct 

cgcgacaaca 

agcaagatgc 

ttccactcca 

cagtacttgt 

ctggccggga 

cagggctgga 

aataggatgg 

aacaacctcc 

ccggcgaacc 

agcgagacgc 

aaccagagct 

ggcagcgtgt 

gagacggggg' 

ccgcccatga 

gtgcccgtca 

tgggagctca 

tacaacgacc 

agacctatcg 

caataaa 



tgcaggactc 
acgacgacta 
tccctccgca 
cagaaaatcc 
tgagaacggg 
gcttcgctcc 
accgcttcgt 
gatacgccaa 
acctgggctc 
agctcgaggg 
agggcagcaa 
cgggcaccac 
agccggtgaa 
ccaccactgc 
ggatggagag 
cgcactttca 
tgctcatcaa 
gcagcttcat 
agaaggaaaa 
cccagtttgt' 
gaacccga-ta 



caccaccacc 
ccagctgccc 
ggtctttacg 
caccgagagg 
caacaacttt 
cagtcagaac 
gagcacaaat 
cacotacaaa 
cggggtcaac 
cgcgagttac 
cacctatgcc 
cgccacgtac 
ccgcgtggcg 
ccccgcgacc 
ggacgtgtac 
cccctctccg 
gaacacgcct 
cacccagtac 
ctccaagagg 
ggactttgcc 
ccttacccga 



atcgccaaca 
tacgtcgtcg 
ctgccgcagt 
agcagcttct 
gagtttacct 
ctgttcaagc 
aacactggcg 
aactggttcc 
cgcgccagtg 
caggtgcccc 
ctggagaaca 
ctcgagggca 
tacaacgtcg 
ggcacgtaca 
ctccaaggac 
gccatgggcg 
gtgcccggaa 
agcacpgggc 
tggaacccag 
ccggacagca 
cccctttaac 



<210> 8 : . ■ ■ : 

<21\> 2254- - • - ' - - - ' 

<212> DNA : . • " '•■ ' : 

<213> Artificial -Sequence - 

<220>^ ^ ; - ■'::..r;v< o'- \.V ^-.^^^^ 

<223> Description of ^VrtifxciaP Seque^^^^^ 

•synthetic coiistruct *-'-^'^*^ ^^ i ' 



"1 



aggctctcat ttgttcccga gacgcctcgc' agt¥6a'gac^^^ 
ctgcgaccgc'tcaattggaa ttcaagattg gttgg^agaa gttggtgaag 
gtttttgggc cttgaagcgg gcccaccgaa accaaaaccc" aatcagcagc 
agcccgtggt cttgtgctgc ctggttataa-ctatctcgga" cccggaaacg' 
aggagagcct gtcaacaggg cagacgaggt ■ cgcgc^agag ' cacgkcatct 
gcagcttgag gcgggagaca acccctaccfc caagtacaac cacgcggacg 
.ggagaagctc .gccgacga'ca catccttcgg gggaaacctc ggaaa'ggcag 
caagaaaagg: gttctcgaac cttttggcct* ggttgaagag ggtgctaaga- 
cggaaagcgg • atagacgacc actttccaaa aagaaagaag gctcggaccg 
caagcc t tec acctcgt cag. acgccgaagc ' tgga'cccagc gga tcccagc 
cccagcccaa' ccagcctcaa gtttgggagc tgatacaatg- tctgcgggag 
attgggcgac aataaccaag gtgccgatgg agtgg^caat" gee tcgggag 
cgattccacg tggatggggg" acagagtcgt caccaagtcc acecgaac'ct 
cagctacaac aaccaccagt accgagagat caaaagcggc tccgtcgacg" 
caacgcctac tttggataca gcaccccctg ggggtacttt gkctttaacc 
ccactggagc ccccgagact ggbaaagact catcaacaac • bactggggct 
gtccctcaga gtcaaaatct tcaacattca^ agtcaaagag gteacggtgc 
caccaccatc gccaacaacc tcacctccac cgtccaagtg ttt'acggacg 
gctgccctac gtcgtcggca- acgggaccga gggatgcctg ccggccttcc 
ctttacgctg^ ccgcagtacg gtta'cgcgac gctgaaccgc gicaacacag 
cgagaggagc agcttcttct gcctagagta ctttcccagc aagatgctga 
caactttgag tttacctaca actttgagga ggtgcccttc cactccagct' 
tcagaacctg ttcaagctgg- ccaacccgct ggtggaccag tacttgtacc 
cacaaataac actggcggag tccagttcaa caagaacctg gccgggagat 
ctacaaaaac tggttcccgg ggcccatggg ccgaacccag ggctggaacc 
ggtcaaccgc gccagtgtca gcgccttcgc cacgaccaat aggatggagc 
gagttaccag gtgcccccgc agccgaacgg catgaccaac aacctccagg 
ctatgccctg gagaacacta tgatcttcaa cagccagccg gcgaacccgg 
cacgtacctc gagggcaaca tgctcatcac cagcgagagc gagacgcagc 
cgtggcgtac aacgtcggcg ggcagatggc caccaacaac cagagctcca 



tcccgctcct " 

gtcttcgcga 

atcaagatca 

gtctcgatcg 

cgtacaacga ' 

ccgagtt:tca\; 

tctttcaggc " 

cggcccctac 

aagaggactc 

agdtgcaaat" 

gtggcggccc' 

attggcattg 

gggtgctgcc 

gaagcaacgc 

gcttccacag y 

t-cacfaccccg' 

aggactcca:c ' 

acgadta'cca 

ctccgcaggt '* 

aaaatcdcac ' 

gaacgggcaa ^ 

tcgctcccag 

gcttcgtgag 

acgccaacac 

tgggctccgg 

tcgagggcgc 

gcagcaacac 

gcaccaccgc 

cggtgaaccg 

ccactgcccc 



1080 
.1140 
1200 
1260 
1320 
.1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2307 



60 
120 
180 
240 
300 
360 
420 
480 
'540 
' 600 
' 660 
720 
780 
' 840 
900 
• 960 
102 d 

' ioao 

■1146 

.1260 

i260 
' 1320 
13 80 
i440 
1500 
1560 
1620 
1680 
1740 
1800 
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cgcgaccggc acgtacaacc tccaggaaat cgtgcccggc agcgtgtgga tggagaggga 1860 

cgtgtacctc caaggaccca tctgggccaa gatcccagag acgggggcgc actttcaccc 1920 

ctctccggcc atgggcggat tcggactcaa acacccaccg cccatgatgc tcatcaagaa 1980 

cacgcctgtg cccggaaata tcaccagctt ctcggacgtg cccgtcagca gcttcatcac 2040 

ccagtacagc accgggcagg tcaccgtgga gatggagtgg gagctcaaga aggaaaactc 2100 

caagaggtgg aacccagaga tccagtacac aaacaactac aacgaccccc agtttgtgga 2160 

ctttgccccg gaicagcaccg gggaatacag aaccaccaga cctatcggaa cccgatacct 2220 

tacccgaccc ctttaaccca ttcatgtcgc ataccctcaa taaa 2264 

<210> 9 ■ ' 

' . <211> 2264 ' ; . . . 

<212> DNA ' / ; ' . 

<213>" Artificial Sequence " , • 

<22o>' \ ' . '"V,. ' ^ ,1 \. 

<223.> Desc.r,ipt:ion of , 
\^ synthetic ccm^ ^.^w^T :.-o- :: . ; • ■ . 

<AQoi^:y/:\: ; •^r'''^ /- '.■'■''--.r ■ 

aggctctcat ttg^ttcccga gacgpctcgc; ^ : - 60 

ctgcgaccgc tcaattggaa" ttcaagkttg,:gttggraa^^^ . 120 

gtttttgggc cttgaagcgg gcccaccgaa accaaaacdc aatcagcagc a-tcaagatca •/ ' .180 
agcccgtggt cttgtgctgc ctggttataa ctatctcgga cccggaaacg gtctcgatcg 240 
aggagagcct gtcaacaggg cagacgaggt cgcgcgagag cacgacatct cgtacaacga - 300 
gcagcttgag gcgggagaca acccctacct caagtacaac cacgcggacg ccgagtttca 360 
ggagaagctc gccgacgaca catccttcgg gggaaacctc ggaaaggcag tctttcaggc. 420 
caagaaaagg gttctcgaac cttttggcct ggttgaagag .ggtgctaaga; cggcccGtac v 480 
cggaaagcgg atagacgacc actttccaaa aagaaagaag gctcggaccg aagaggactc 540 
caagccttcc acctcgtcag acgccgaagc tggacccagc ggatcccagc agctgcaaafc 500 
cccagcccaa ccagcctcaa .g[tttgggagq ^t^at^ac^^^^^ tptgcgggag. gtggcggccc ^ 660 
attgggcgac aataaccaag'gtgccgatgg agtgggcaaj^ ' 720 

cgattccacg tggatggggg acagagtcgt caccaagtcc acccgaacct gggtgctgcc 780 
cagctacaac aaccaccagt accgagagat caaaagcggc tccgtcgacg gaagcaacgq^ . 840 
caacgcctac tttggataca gcaccccctg.-.ggp^tMttt^ g 900 
ccactggagc ccdcgagact . ggcaaaga;qt^'cat^ tcagaccccg - 960 

gtccctcaga gtcaaaatct .tcaaca;ttca; agtcaaagja^^^ gtcacggtgc: aggactccac 1020 
caccaccatc gccaacaacc^ tcaqctccac cgtccaagtg tttacggac^g. acgactacca . 1080 
gctgccct^c . gtcgtcggca acgggacqg^^ gggaigcctg ccggcgttGG vetccgcaggt .^1140 
ctttacgctg ccgcagtacgp gttacgcgac;; g;9bgaqLCcg5: gacaacacag,, aaaatqccac 1200 
cgagaggagc/agcittcttct gcctagagta"c^^^ aa-gatgctga.ga^acgggGaa • 1260 

c^ctttgag t^ttacctaqa actttgigga gg^gGcptte cactccagct.vtqgctcccagvr >1 
tcagaacctg ttcaagqtgg ccaacccgct ggtggaGcagl tact^igtacci.gcttcgtgag. :.: / :1380 
cacaaataac actggcggag . tccagttcaa . caaga^Gctg . gccgggagat aegccaacac - :. ■ ,1440 
ctacaaaaac tggttcccgg ^ggccG^tggg CGgaacGcag^r^ggGtggaaGC bgggctccgg , ^rlSOO 
ggtcaaccgc gccagt^tda rgcgccttcgq^ .Ccicgac9aat^^ ; ; 1560 

gagttaccag ,gtgGcqGGgc.: agccgaaGgg. gcagcaaoac: ■ - 1620 

qtatgccctg gagaaqacjba "tg^^tcttcaa dagccagccg gqgaacccgg gcaccaccgc ■ c .1680 
c^cgtacGtq gaggg^acia 'tgctCj^tcac^Gagc^ cggtgaaccg;. . :1740 

cgtggcgtaq aaqgtcggcg .ggcagatggcVcadcaacakc' cagagct : 1800 

qgcgaccggc acgtacaacc 'tdcaggaaatlGgtgcccggG agcgtgtgga tggagraggga- - 1860 
cgtgtacctc caaggaccca tctgggccaa gatcccagag acgggggcgc^ actttcaccc . _ 1920 
ctctccggcc atgggcggat .tcggactcaa- acacccaccg ^ cccatgatgc- t^ 1980 
ca.cgcctgtg cccggaaata tcaccagctt ctcggacgtg ^cccgtcagca gcttcatcac , 2040 
ccagtacagc accgggcagg ' tcaccgtgga gatggagtgg^ gagctcaaga aggaaaactc 2100 
caagaggtgg aacccagaga tccagtacac aaacaaqtac- aaqgaccccc agtttgtgga. 2160 
ctttgccccg gacagcaccg gggaatacag aaccaccaga,, cctatcggaa cccgatacct . 2220 
tacccgaccc ctttaaccca. ttcatgtcgc ataccctcaa^ taaa 2264 

' <2io> 10 . 

■'• , <211> 1292 
<212> DNA,. 

<213> Artificial.. Segueiice w: :-- . : • • * 
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<220> 

<223> Description of Artificial Sequence: /Mote = 
synthetic construct 

<400> 10 

agcgcaaacg gctcgtcgcg cagtttctgg cagaatcctc gcagcgctcg caggaggcgg 60 

cttcgcagcg tgagttctcg gctgacccgg tcatcaaaag caagacttcc cagaaataca 120 

tggcgctcgt caactggctc gtggagcacg gcatcacttc cgagaagcag tggatccagg 180 

aaaatcagga gagctacctc tccttcaact ccaccggcaa ctctcggagc cagatcaagg 240 

ccgcgctcga caacgcgacc aaaattatga gtctgacaaa aagcgcggtg gactacctcg 300 

tggggagctc cgttcccgag gacatttcaa aaaacagaat ctggcaaatt tttgagatga 360 

atggctacga cccggcctac gcgggatcca tcctctacgg ctggtgtcag cgctccttca 420 

acaagaggaa caccgtctgg ctctacggac ccgccacgac cggcaagacc aacatcgcgg 480 

aggccatcgc ccacactgtg cccttttacg gctgcgtgaa ctggaccaat gaaaactttc 540 

cctttaatga ctgtgtggac aaaatgctca tttggtggga -ggagggaaag atgaccaaca 600 

aggtggttga atccgccaag gccatcctgg ggggctcaaa- gg'tgcgggtc gatcagaaat 660 

gtaaatcctc tgttcaaatt gattctaccc ctgtcattgt aacttccaat acaaacatgt 720 

gtgtggtggt ggatgggaat tccacgacct ttgaacacca gcagccgctg gaggaccgca 180 

tgttcaaatt tgaactgact aagcggctcc cgccagattt tggc'aagatt ' actaagcagg ' 840 

aagtcaagga cttttttgct tgggcaaagg tcaatcaggt gccggtgact cacgagttta 900 

aagttcccag. ggaattggcg ggaactaaag- gggcggagaa atctctaaaa cgcccactgg 960 

gtgacgtcac caatactagc tataaaagtc tggagaagcg ggccaggctc tcatttgttc 1020 

ccgagacgcc tcgcagttca gacgtgactg ttgatccegc tcctctgcga' ccgctc^att' '1080 

ggaattcaag gtatgattgc aaatgtgact atcatgctca atttgacaac atttctaaca 1140 

aatgtgatga atgtgaatat ttgaatcggg ■ gcaaaaatgg atgtatctgt" cacaatgtaa 1200 

ctcactgtca aatttgtcat gggattcccc cctgggaaaa ggaaaacttg tcagattttg 1260 

gggattttga cgatgccaat aaagaa'cagt-^ aa ' . - ■ ' 1292 

<210> 11' Y*-. - . . . \ ^.C/u V ; . - =- - v. ' ^ ■ 
<211> 1870 '-C Co 
<212> Db3A \ -r^ -ivr 1 : .1.-71' vf IT;, .^-v- -y.'i . • , 
<213> Artificial Sequence 

<220> : 0\i • 

<223> Description of Artif iciar- Sequence-: /Note =' ^ 
synthetic construct 

<400> 11 ' 

attctttgct ctggactgct agaggaccct- cgctgccatg gataccttct atgaagtcat '^60 

tgttcgcgtc ccatttgacg tggaggaaca- tctgcctgga atttctgaca gctttgtgga _ 120 

ctgggtaact ggtcaaattt gggagctgcc'-tccagagtca gatttaaatt tgactctggt --ISO 

tgaacagcct cagttgacgg tggctgatag aattcgccgc gtgttcctgt acgagtggaa .240 

caaattttcc aagcaggagt - ccaaattctb- tgtgcagttt gaaaagggat'-ctgaatattt ' 300 

tcatctgcac acgcttgtgg' agacctccgg catctcttcc atggtcctcg gccgctacgt 360 

gagtcagatt cgcgcccagc tggtga'aagt ggtcttccag ggaattgaac ' cccagatcaa ' ■ 420 

cgactgggtc gccatcacca aggtaaagaa gggcggagcc aataaggtgg tggattctgg 480 

gtatattccc gcctacctgc tgccgaaggt ccaaccggag 'cttcagtggg cgtggacaaa '540 

cctggacgag tataaattgg ccgccctgaa tctggaggag cgcaaacggc tcgtcgcgca *600 

gtttctggca ■ gaatcctcgc- agcgetcgca ggaggcggct tcgcagcgtg-^ agttctcggc ^ • ' 660 

tgacccggtc atcaaaagca agacttccca' gaaatacatg gcgctcgtca'- actggctcgt 720 

ggagcacggc'^atcacttccg agaa^cagtg gat'ccaggaa aiatcaggaga* gctacctctc ' - ■ 780 

cttcaactcc accggcaact ctcggagcca gatbaaggcc gcgctcgaca acgcgaccaa 840 

aattatgagt* ctgacaaaaa- gcgcggtgga" ctacctcgtg 'gggagctccg ttcccgaSga- '' 900 

catttcaaaa aacagaatct ggcaaatttt tgagatgaat ggctacgacc cggcctacgc 960 

gggatccatc" ctctacggct ggtgtcagcg ctccttcaac aagaggaaca-ccgtctggct^ - '1020 

ctacggaccc gccacgaccg gcaagaccaa catcgcggag gccatcgccc acactgtgcc 1080 

cttttacggc tgcgtgaact ggaccaatga aaactttccc tttaatgact gtgtggacaa- - 1140 

aatgctcatt tggtgggagg agggaaagat gaccaacaag gtggttgaat ccgccaaggc 1200 

catcctgggg ggctcaaagg tgcgggtcga tcagaaatgt aaatcctctg ttcaaattga -1260 

ttctacccct gtcattgtaa cttccaatac aaacatgtgt gtggtggtgg atgggaattc 1320 

cacgaccttt gaacaccagc agccgctgga ggaccgcatg ttcaaatttg aactgactaa 1380 

gcggctcccg ccagattttg gcaagattac taagcaggaa gtcaaggact tttttgcttg 1440 

ggcaaaggtc aatcaggtgc cggtgactca cgagtttaaa gttcccaggg aattggcggg 1500 
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aactaaaggg gcggagaaat ctctaaaacg cccactgggt gacgtcacca atactagcta 1560 

taaaagtctg gagaagcggg ccaggctctc atttgttccc gagacgcctc gcagttcaga 1620 

cgtgactgtt gatcccgctc ctctgcgacc gctcaattgg aattcaaggt atgattgcaa 1680 

atgtgactat catgctcaat ttgacaacat ttctaacaaa tgtgatgaat gtgaatattt 1740 

gaatcggggc aaaaatggat gtatctgtca caatgtaact cactgtcaaa tttgtcatgg 1800 

gattcccccc tgggaaaagg aaaacttgtc agattttggg gattttgacg atgccaataa 1860 

agaacagtaa 1870 

<210> 12". ... 
<211> 330. ■ ' 

<212> PRT ' . ^ . ' ... ■ 

<213> i^tificial Sequence . 

<22d>', ; .^^"'.^ ^. . . .. , / ■ 

<223>/'Des^cription pf Sequence :7Note = 

^,j..,^.s^thetiC; construct^ ^ i -' < 

^r^yc: jD-t. V! '[y.'jyvi.Z: > " ^ ' ^ " ' ." - 

<40q>.,12,., :^ - ... . - .■ 

Met Ala Leu, yal,- Asn -Trp Leu Val .Glu>His ..GlyrJ-le Thr ;Ser Glu Lys- 

^ ,^r-^^r->;". 5^ i-opn^- :--v.\:\^iP - o^:.- ^"r.M: - ■■ :::15 . - . 

Gin Trp Ii;e. Gln.Glu Ash, Glh Glii. Ser Tyr^ Leu Ser :Phe .Asn Ser Thr ^ . . 

Gly Asn Ser Arg Ser Gin He hys Ala ila Leu . Asp Asn Ala Thr Lys . - • 

35:,.,.., ..^ 40. /^-:;:;..^45 ....... ^ - 

He Met Ser, Leu. Thr Lys . Ser Ala, Val Asp ^r, Leu- Val Gly- Ser Ser - 

50, . : .55, eo , : 

Val Pro Glu Asp He Ser Lys Asn Arg He Trp- Gin. He Phe Glu Met . -r--. 
65 70 75 80 

Asn Gly Tyr Asp Pro Ala Tyr Ala Gly Ser He Leu Tyr Gly Trp Cys 

85 90 ::95: . 

Gin Arg Ser Phe Asri Lys Arg Asn Thr Val Trp Leu Tyr Gly ^Pro Ala . 

100 105 :r.:<.:ryi\ -r.-im^JxA : - 

Thr Thr Gly Lys Thr Asn He Ala Glu Ala He Ala His Thr Val Pro 

ri5 120 125 ' 

Phe Tyr Gly Cys Val A^n Trp Thir- Asn. GIut Asn: Phe Pro .Phe Asn Asp; 

130 135 " ;. r,-14g ' :v. 

Cys Val Asp Lys Met Leu He Trp Trp Glu Glu Gly Lys Met Thr Asn 
145 150 155 160 

:.Lys Val Val.Glu Ser Ala^.Lys Ala .Ile^ lieu- Glyr <31y iSer.; Lys> Val: Arg 

V 165 . :;.'::H,- .;-.^vi 170.^:;; r : . ryj_, 

.Val Asp.Glix Lys Cys. Lys. Ser Ser/.Val.GlnnJle^ Asp-^^^ 

..180.. --".■.•■:.. -^-r 185;; . : _ ; :/,-^-. — r- - ,jl9.0- v,": ^ . v. 

jHe Vai-Thr .Ser Asn -.Thr Asn Met Cys Val' V^il , Val- Asp Gly Asn Ser ' : . . 
^, 195,,,^ v--^; - T . : ] 200'.-\: r-*205^ - . . 

-Thr Thr Phe Glu^His-rGln'-Gin Pro Leu- piu :Asp..Arg;^- Met Phe Lys Phe 
,^ 210^ ; ... : ..^ ;\,^,^215 z . v-/ 

Glu Leu::.Thr . Lys~ Arg Le^ Pro - Asp/PheyGly. Lys lie Thr Lys Gin ,, 
.225 ;.-,3Cc-'^ ' ■'^.v;230_^ ^ : ^r. 225'^:':-^, / " . ; 240. . :. 

-:Glu Val . Lys Asp^ Phe[vPhe Ala Trp Alar Lys. Val ; Asia' Gin Val Pro Val: 

7 . ; .1 - 245- 2$0.r'.^ /: • ,.,255 - v: .* - • 

:Thr His^ Glu Phe Lys Val Pro Arg Glu- Leu :A:la Gly Thr. Lys Gly Ala , - 

- ... 260 265^ ' ^r-^. •270..-- v 

:Glu Lys >Ser ; Leu-. Lys Arg Pro Leu- Gly Asp Val ;Thr Asn Thr ' Ser Tyr - . ' 

-215,:,, :: 200 , : ■\,..285. . - ■ -.^ . . 

Lys Ser Leu Glu Lys Arg Ala Arg Leu Ser Phe Val Pro Glu Thr Proi. - 

290 . 295 300 . 

Arg Ser Ser .Asp , Val -Thr Val Asp Pro Ala Pro Leu Arg -Pro Leu Asn 
,305 - 310 315 , 7 320 ; 

Trp Asn Ser Arg. Leu Val Gly Arg: Ser Trp- 

325 ' 330 . . 



<210>;13 

<211>^ 1115 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 'Sequence : /Note = 
synthetic construct 

<400> 13 

aggagcgcaa acggctcgtc gcgcagtttc tggcagaatc ctcgcagcgc tcgcaggagg 60 

cggcttcgca gcgtgagttc tcggctgacc cggtcatcaa aagcaagact tcccagaaat 120 

acatggcgct cgtcaactgg ctcgtggagc acggcatcac ttccgagaag cagtggatcc 180 

aggaaaatca ggagagctac ctctccttca actccaccgg caactctcgg agccagatca. 240 

aggccgcgct cgacaacgcg accaaaatta tgagtctgac aaaaagcgcg gtggactacc. 300 

tcgtggggag ctccgttccc gaggacattt caaaaaacag aatctggcaa atttttgaga. 360 

tgaatggcta cgacccggcc tacgcgggat ccatcctcta cggctggtgt cagcgctcct 420 

tcaacaagag gaacaccgtc tggctctacg gacccgccac .gaccggcaag accaacatcg • 480 

cggaggccat cgcccacact gtgccctttt' acggbtgcgt gaactggacc aatgaaaact 540 

ttccctttaa tgactgtgtg gacaaaatgc tcatttggtg ggaggaggga aagatgacca . -600 

acaaggtggt tgaatccgcc aaggccatcc tggggggctc aaaggtgcgg gtcgatcaga 660 

aatgtaaatc ctctgttcaa attgattcta cccctgtcat tgtaacttcc aatacaaaca 720 

tgtgtgtggt ggtggatggg aattccacga* cctttgaaca ccagcagccg ctggaggacc 780 

gcatgttcaa atttgaactg actaagcggc tcccgccaga ttttggcaag attactaagc .840 

aggaagtcaa ggactttttt gcttgggcaa aggtcaatca ggtgccggtg actcacgagt 900 

ttaaagttcc cagggaattg gcgggaacta . aaggggcgga gaaatctcta aaacgcccac . :'960 

tgggtgacgt caccaatact' agctataaaa'gtctggagaa gcgggccagg ctctcatttg 1020 

ttcccgagac gcctcgcagt tcagacgtga -ctgttgatcc.. cgctcctctg cgaccgctca 1080 

attggaattc aagattggtt ggaagaagtt . ggtga ^ 1115 





<210> 


14 • :: 














<211> 


550 














<212> 


PRT ' - 














<213> 


Artificial Sequence 




\' y 




<220> 
















<223> 


Description of Artificial' Sequence : /Note = 






synthetic construct 








<400> 


14 












Met 


Ala Thr 


Phe:/jCyr 


Glu 


Val 


lie Val 'Arg Val Pro Phe Asp Val Glu 


1 




\'5 








.10 ^. 


15 


Glu 


His' Leu 


Pro Gly 


He 


Ser 


Asp 


Ser Phe" Val Asp Trp' Val Thr Gly 


Gin 


lie 'Trp 


20 








25 ^ , ^ . 




Glu Leu 


Pro 


i?ro 


Glu' 


Ser' Asp" Leu*^ Asn Leu 


Thr Leu Val 


Glu 


35 








40 


,.45 




Gin Pro 


Gin Leu 


Thr 


Val 


Ala 


Asp Arg He Arg ^'Arg 


Val Phe Leu 




50 






55 




60 




Tyr 


Glu Trp 


Asn Lys 


Phe 


Ser 


Lys 


Gin Glu Ser Lys Phe 


Phe Val Gin 


65 






70 






75 


. \. 80, 


Phe 


Glu Lys 


Gly Ser 


Glu 


Tyr 


Phe 


His Leu His Thr Leu 


Val Glu Thr 






85 








90 , , 


- ... - ' 


Ser 


Gly He 


Ser Ser 


Met 


Val 


Leu 


Gly Arg Tyr Val Ser 


Gin He Arg 






100 








105 


110 


Ala 


Gin Leu 


Val Lys 


Val 


Val 


Phe. 


Gin Gly lie Glu. Pro 


- Gin , He Asn 




115 








126 


" ' 125' 


Asp 


Trp Val 


Ala He 


Thr 


Lys 


Val 


Lys Lys Gly Gly Ala 


Asn Lys Val 


Val 


130 






135 




140 


Asp Ser 


Gly Tyr 


lie 


Pro 


Ala 


Tyr Leu Leu Pro Lys. 


Val Gin Pro 


145 






150 


Tlir 




155 


I60; 


Glu 


Leu Gin 


Trp Ala 


Trp 


Asn 


Leu. Asp Glu Tyr ..Lys 


Leu Ala Ala 






165 








' 170 


- 1?5 


Leu 


Asn Leu 


Glu Glu"^Arg 


Lys. 


Arg 


Leu Val Ala ,Gln Phe 


Leu Aia Glu 






180 / 








185 . /• ; 


190 . 


Ser 


Ser Gin 


Arg Ser 


Gin 


Glu 


Ala 


Ala Ser Gin Arg Glu 


Phe Ser Ala 
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195 



200 



205 



Asp Pro Val He Lys Ser Lys Thr Ser Gin Lys Tyr Met Ala Leu Val 

210 215 220 

Asn Torp Leu Val Glu His Gly lie Thr Ser Glu Lys Gin Trp He Gin 
225 230 235 240 

Glu Asn Gin Glu Ser Tyr Leu Ser Phe Asn Ser Thr Gly Asn Ser Arg 

245 250 255 

Ser Gin He Lys Ala Ala Leu Asp Asn Ala Thr Lys He Met Ser .Leu 

• 260 "265 ' 270 

Thr Lys Ser Ala Val Asp Tyr Leu Val Gly Ser Ser Val Pro Glu Asp 
275 - 280 285 



He Ser' Lys Asn 
290 

Pro Ala Tyr Ala 

305 ' 

Asn Lys Arg-- Asn 



Thr Asn Il^e Ala 
-340 



Arg He Trp Gin He Phe Glu Met Asii Gly Tyr Asp 
^ **: 295 ;'3X)0' .J::. 

Gly Ser -He 'Leu Tyr Gly Trp 6y;s' Gin Arg Ser Phe 

j^ait)" -' ' \ ' ; 3i5:. : : '^^ '320 

Thr Val TrpT L^u;;'^!^^: 'Gly;''P^^^ Tiir ^hr' Gly Lys 



Glu Ma' ^Ile- Aia' His I'hjr-V^ Phe ojyr Gly .Cys . 

Val Asn Trp ThS: Asn- Gltt Asn Phe Piro Phe' Asn 'Asp' Cys Val Asp Lys-^./.: 

: • 355 v ■ 3&o^ ^ - ' ' • ^ ^ , . 3&5 

Met Leu Il^ Trp Trp Glu ciu Gly^-Ly^^ Met Thr Asn' Lys Val Val Glu .1' 

310 ■ • ■ - . '375 ■Pi}--386 * 

Ser Ala Lys ' Ala lie Leu Gly " Gly ' S^r'Lys VaT Ar^^^^^ 1.' 
385 ' ^ -39^0 ' I'r ^ 395 .400^\ 

Cys Lys'Seir Ser Val Gin lie Asp^ Seir thr'Tr Val He Val, .Thr Ser 

405 ^ -^'^lO ' " ' - ' " 415 

Asn Thr Asn Met Cys Val Val Val Asp Gly Asn Ser Thr Thr Phe Glu 

420 425 430 ' 

His Gin Gin Pro Leu Glu Asp Arg Met Phe Lys Phe Glu Leul.Thr.Lys 

440 445, . , : . 

Arg Leu Pro Pro Asp Phe Gly Lys He Thr Lys 'Gin GiiT'Vai'tjys Asp 

450 455 460 

Phe Phe Ala Trp Ala Lys Val Asn Gin Val Pro Val Thr His Glu~ Phe 
465 470-- ' ■ .475 " ' ^ . 480 

Lys Val Pro Arg Glu Leu Ala Gly Thr Lys* Gly Ala Glu Lys Ser Leu 

485 490 495 

Lys Arg Pro Leu Gly Asp Val. Thr Asn. Thr Ser, Tyr Lys Ser Leu Glu 

'500 ^ ' ^505 ' - ■ ' ^ * "510 ' ' 

Lys Arg Ala i^rg Leu Ser Phe Val Pro Glu Thr Pro Arg iSer Ser Asp . ^ 

515- ^ ■■520 - ^525 ' ' ' ' -' ' 

Val Thr Val Asp Pro Ala Pro Leu Arg Pifo Leu A,sn Trp Asn Ser Arg, 

530 ^535--''^^'^ '-'"^ '^540-'''*- " 

Leu Val Gly Arg Ser Trp 

545 -^550^^^'-^"' . ^ - . -.i •/ •■■ 



<2ao>-i5 ' - " " ■ ■ ':\ ■' ' * ^ 

<211> 1690 ■ , * 

<212>^DNA ■ - • ' "\ ' ' ' ■ 

<213> Artificial Sequence ; , . . ^ ^ 

<220> ^ _ _ - . . ^ , 

<223> Description of Artificial Siguerice : /lirote = 

synthetic construct ; , ^ , ) 

<400> 15 ' : . 

attctttgct ctggactgct -agaggaccct cgctgccatg gctaccttct atgaagtcat 
tgttcgcgtc ccatttgacg tggaggaaca tctgcctgga atttctgaca gctttgtgga 
ctgggtaact ggtcaaattt gggagctgcc tccagagtca gatttaaatt tgactctggt 
tgaacagcct cagttgacgg tggctgatag aattcgccgc gtgttcctgt acgagtggaa 
caaattttcc aagcaggagt ccaaattctt "tgtgcagttt gaaaagggat ctgaatattt 
tcatctgcac acgcttgtgg agacctccgg .catctcttcc ^atggtcctcg gccgctacgt 



1 
1 
2 
3 
3 
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gagtcagatt 
cgactgggtc 
gtatattccc 
cctggacgag 
gtttctggca 
tgacccggtc 
ggagcacggc 
cttcaactcc 
aattatgagt 
catttcaaaa 
gggatccatc 
ctacggaccc 
cttttacggc 
aatgctcatt 
catcctgggg 
ttctacccct 
cacgaccttt 
gcggctcccg 
ggcaaaggtc 
aactaaaggg 
taaaagtctg 
cgtgactgtt 
aagttggtga 



cgcgcccagc 
gccatcacca 
gcctacctgc 
tataaattgg 
gaatcctcgc 
atcaaaagca 
atcacttccg 
accggcaact 
ctgacaaaaa 
aacagaatct 
ctctacggct 
gccacgaccg 
tgcgtgaact 
tggtgggagg 
ggctcaaagg 
gtcattgtaa 
gaacaccagc 
ccagattttg 
aatcaggtgc 
gcggagaaat 
gagaagcggg 
gatcccgctc 



tggtgaaagt 
aggtaaagaa 
tgccgaaggt 
ccgccctgaa 
agcgctcgca 
agacttccca 
agaagcagtg 
ctcggagcca 
gcgcggtgga 
ggcaaatttt 
ggtgtcagcg 
gcaagaccaa 
ggaccaatga 
agggaaagat 
tgcgggtcga: 
cttccaatac 
agccgctgga 
gcaagattac 
cggtgactca 
ctctaaaacg 
ccaggctctc 
ctctgcgacc 



ggtcttccag 
gggcggagcc 
ccaaccggag 
tctggaggag 
ggaggcggct 
gaaatacatg 
gatccaggaa 
gatcaaggcc 
ctacctcgtg 
tgagatgaat 
ctccfctcaac 
catcgcggag 
aaactttccc 
gaccaacaag 
tcagaaatgt 
aaacatgtgt 
ggaccgcatg 
taagcaggaa 
cgagtttaaa 
cccactgggt 
atttgttccc 
gctcaattgg 



ggaattgaac 
aataaggtgg 
cttcagtggg 
cgcaaacggc 
tcgcagcgtg 
gcgctcgtca 
aatcaggaga 
gcgctcgaca 
gggagctccg 
ggctacgacc 
aagaggaaca 
gccatcgccc 
tttaatgact 
gtggttgaat 
aaafecctctg 
gtggtggtgg 
tftcaaatttg 
gtcaaggact 
gttcccaggg 
gacgtcacca 
gagacgcctc 
aattcaagat 



cccagatcaa 
tggattctgg 
cgtggacaaa 
tcgtcgcgca 
agttctcggc 
actggctcgt 
gctacctctc 
acgcgaccaa 
ttcccgagga 
cggcctacgc 
ccgtctggct 
acactgtgcc 
gtgtggacaa 
ccgccaaggc 
ttcaaattga 
atgggaattc 
aactgactaa 
ttttt^gcttg 
aattggcggg' 
atactagcta 
gcagttcaga 
tggttggaag 



<210> 16 . , J • . . 

<211> 145 
<212> DNA 

<213> Artificial Sequence 

<223> Description^Tofi'^tificiar'SeQueric 
synthetic construct 



<400> 16 ^ / 

ccatcaccaa ggtaaagaag ggcggagcca ataaggtggt ggattctggg tatattcdbg 

cctacctgct gccgaaggtc caaccggagc ttcagtgggc gtggacaaab ctggacgagt 
ataaattggc cgccctgaat ctgga 



<210> 17 • - • - - ^ ' 

<211> 174 - i':^: ■ ■ ■ 

<212> DNA 

<213> Artificial Sequence ' - ' 

<220> 

<223> Description of Artificial Sequence : /Note = 
synthetic construct 

<4dO> 17 . : ' \ i : 

taagcaggaa gtcaaggact tttttgcttg ggcaaaggtc aatcaggtgc cggtgactca. 
cgagtttaaa gttcccaggg aattggcggg aactaaaggg gcggagaaat ctctaaakcg 
cccactgggt gacgtcacca atactagcta taaaagtctg gagaagcggg" ccag - " 

<210> 18 
<211> 187 

<212> DNA W 
<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: /Note = 
synthetic construct 



420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1690 



60 
120 
145 



60 
120 
174 



<400> 18 

cactctcaag caagggggtt ttgtaagcag tgatgtcata atgatgtaat gcttattgtc 



60 
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acgcgatagt taatgattaa cagtcatgtg atgtgtttta tccaatagga agaaagcgcg 120 

cgtatgagtt ctcgcgagac ttccggggta taaaagaccg agtgaacgag cccgccgcca 180 

tcctttg 287 

<210> 19 - 
<211> 168. 

<212> DNA , . 

<213> Artificial Sequence 

<220> . / ' 

<223> Description of Artificial Sequence : /Note = . . : 

synthetic construct . . . ' . 

<4oo> la • ]i : \. . ' " 

aaacctcctt gcttgagagtj ^gtggcactct cccccctgtc ^gcgttcgctc • gctcgctggc ' 60 
tcgtttgggg ,.ggg^^ tcaaagagct ' gccagacgaG;,ggcGct ccgtcgcccc . . 120 

cccaaacgag . cc^gcgago^ . - . XGB 

; ' ■ <2io>^:2'o"::' ;^ ^ \!:::,'.?:;:'J 1:.* \ . 

<2ii> i^a. y 
' : <2i2>,bNA " '. " ■ , ^ 

<213'> Artificial Sec^uence ' . 



<220> ^ - . 

<223> Description of Artificial Sequence: /Note = . ; 

synthetic construct 

<400> 20 . --r -i. : ■ . : 

aaacctcctt gcttgagagt gtggcactct cccccctgtc gcgttcgctc gctcgctggc 60 

tcgtttgggg gggcgacggc cagagggccg tcgtctgccg gctctttgag ctgccacccc 120 

cccaaacgag ccagcgagcg, ^agc^aacgcg acagggggga -gagt^ * > 168" 

<210> 21 ' ' ' ' 

<211> 8 - . 

<212>.DNA ^ . . , ^ ;r 

iy <213> Artificial Sequence V - ..^ - , 

<220> ' 
<223> Description of Artificial Sequence: /Note = 

synthetic construct r - ' . 

<4oo> 21 . . . - . ' . v; 

cggtgtga 3 

<210> 22 ^ . . . .. . . - , - ^ . ^ ' 

<2ii> 8 ' , ■ ' , r. ; • r.. 

<212> DNA 

<213> Artificial Sequence . - 

<220>. . , ... ; .. .^ 

<223> Description' or Artific'ia . . ^ - > 

synthetic construct 

<400> 22 ' , 

cggttgag . . 8 

<210> 23 

<211> 21 , 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: /Note = 
synthetic construct 



<400> 23 

caaaacctcc ttgcttgaga g 21 




